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INTRODUCTION 
Dutch elm disease, caused by Ceratocystis ulmi (Buism.) 
C. Moreau, has inflicted extensive damage on elms in Europe 
and North America. This disease has received the attention 
of researchers for about 50 years, but most work has been con­
cerned with control methods and reactions in susceptible 
elms, not resistance. Most studies dealing with resistance 
have been involved with the Identification of resistance rather 
than the resistance mechanisms. Selecting for resistance and 
breeding programs to incorporate this resistance into desir­
able elms have been continuing projects in the Netherlands 
for nearly 50 years, and several hybrid elms with resistance 
and desirable horticultural characteristics have been devel­
oped. Recently about 50 of these selected and hybrid elms 
were imported to Ames and various studies initiated with them. 
These studies include ones dealing with the mechanisms of 
resistance in these trees. The initial part of the work on 
these mechanisms has been directed at an in depth study of 
the differences of the host-parasite interactions between 
resistant selections and susceptible elms, including American 
elm. This type of research should lead to a clearer under­
standing of the reactions of the various elms to infection, 
and the effects of these reactions on the growth and repro­
duction of C. ulmi. These types of basic studies should lead 
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ultimately to better and more publicly acceptable control 
measures, as well as the preservation of a desirable shade 
tree genus for use In the continually expanding urban 
environment. 
Much of the literature concerned with vascular wilt 
diseases Is concerned with the responses of the xylem paren­
chyma cells. The reactions of these cells to the pathogen 
have been related to the resistance mechanisms In many wilt 
diseases. Recent observations suggest that these cells may 
respond differently In resistant and susceptible elms 
(MacDonaldj 1970; Jones, 1971). But, these cells are deeply 
burled In the woody tissue thus making their study in the in­
tact plant difficult. This study was initiated in an attempt 
to simplify the host (White, 1968) by developing tissue 
cultures from cambial explants and using these cultures to 
study the host-parasite interactions. The objectives of the 
study were the following; 
1. to initiate tissue and suspension cultures of 
several elms including American elm, susceptible 
European elms, and resistant elms including Siberian 
elm and several of the Dutch hybrids; 
2. to make general observations on these cultures, such 
as the amount of differentiation, quality of growth 
and amount of growth; 
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3- to use these cultures to study the host-parasite 
interactions -
A. by inoculating the cultures and the media upon 
which the tissues had grown with C. ulmi, noting 
the relative rates of fungus colonization and 
reproduction, and correlating this with known 
and hypothesized resistance mechanisms; 
B. by incorporating the filtrate from C. ulmi 
cultures into tissue culture media, relating 
differences of reactions among these tissue 
cultures, and correlating this with known and 
hypothesized resistance mechanisms; and 
C. by extracting these various tissue cultures after 
exposure to fungus cultural filtrate, incorpo­
rating these extracts into media used for the 
growth of C. ulmi, noting the activity of these 
extracts on C_. ulmi growth and reproduction, and 




This review contains three primary areas of concern: 
first, the causal organism and its reproduction, metabolism, 
and growth in the host; second, the host and its responses 
to the fungus and resistance mechanisms; and third, plant 
tissue cultures and their uses as tools in the study of host-
parasite interactions. The literature is limited as much as 
possible to material concerned directly with Dutch elm disease. 
But, in an effort to present a more meaningful review, related 
pertinent literature will be Included. 
The Fungus 
Reproduction and its control 
Members of the genus, Ceratocystls, are characterized by 
a perfect, perithecial stage, and commonly several imperfect 
stages (Hunt, 1956). The development and natural occurrence 
of perithecia, the perfect stage of £. uTmi, have been studied, 
but their importance in the spread and the production of 
genetic divergent Isolates of Ç. ulml in nature is not known 
(Clinton and McCormick, 1936; Holmes, 195%; Kondo, 1971; 
Townsell, 1972, personal communication, Iowa State University, 
Ames, Iowa; Rosinksi and Brotzman, 1972, personal communica­
tion, State University of Iowa, Iowa City, Iowa). 
There are three imperfect stages of £. ulml. In one of 
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these, the Cephalosporium. stage, ellipsoid to cylindrical 
conidia are formed at the tip of branched conidiophores 
(Wollenweber, 1927; Hunt, 1956). These conidia readily 
separate from the conidiophores and may bud yeast-like, thus 
greatly increasing spore output; or may give rise to germ 
tubes that quickly develop conidiophores with spores (Clinton 
and McCormick, 1936). This form is common when C_. ulmi is 
grown on agar media, but little investigation has been done 
concerning its importance in the disease cycle. 
The most extensively studied imperfect form is the 
Graphium stage, the coremia or synemata (Wollenweber and 
Stapp, 1928; Clinton and McCormick, 1936; Hubbes and Pomerleau, 
1969; Harris and Taber, 1970; Holden e^ a2., 1970; Taylor 
et al., 1971)• Coremia are produced on diseased pieces of 
wood in moist chambers and therefore are useful diagnostical-
ly. They also are produced on media that contains the water 
fraction of elm wood (Hart, I96O; Hubbes and Pomerleau, 1969). 
The water fraction,contains catechin, apparently the active 
component necessary for coremia production (Taylor e^ a^., 
1971). In addition, coremia development has been found to be 
dependent on pH, nutrient levels, lAA and light (Rainey, 
1968; Hubbes and Pomerleau, 1969; Holden , 1970). Re­
cently coremia have been produced on a chemically defined 
medium. Light inhibited coremia production on this medium 
because of decomposition of an essential vitamin, pyridoxine 
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(Harris and Taber, 1970). Coremia also have been produced 
on stem sections of many plant species inoculated with C. ulmi 
including numerous herbaceous and nonhost woody plants 
(Ebrahimi and McNabb, 1970). Coremia have been produced on 
C. ulmi-Inoculated tissue cultures, including cultures of 
American and Siberian elms. The coremia were produced only 
in close association with the tissue, and a tannin present 
in these tissue cultures was necessary for coremia production 
(Holden e^ a2., 1970). In nature coremia are found in large 
numbers in the beetle galleries on diseased trees and are 
considered to be the primary source of adult beetle contami­
nation. 
Yeast-like, budding growth, another asexual form has been 
observed commonly in studies with £. ulmi. The yeast-like 
cells of C. ulmi has been associated with the sticky appear­
ance of cultures (Schwarz, 1922) or the yellowish ooze on 
older cultures (Clinton and McCormick, 1936). This type of 
growth has been observed routinely in liquid cultures and in 
xylem sap (Banfield, 1941; Kessler, 1966). Some reports indi­
cated that Ç. ulmi only grew as yeast-like cells in liquid, 
shake culture (Harris and Taber, 1970). But, other workers 
have been able to produce mycelium as well as spores in such 
cultures, and have been able to control the amount of mycelium 
produced by altering the medium (Frederick and Howard, 1951). 
Budding also has been observed in sap collected from 
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artificially Inoculated American elms (Banfield, 194l). This 
type of growth has been thought to account for the rapid 
spread of the fungus in the tree (Wollenweber and Stapp, 
1928; Banfield, 1941; Tchernoff, 1965; Elgersma, 1967, 1969). 
There are no data concerning the control of budding 
growth in £. ulmi. In yeasts, that grow vegetatively by 
budding, the control of this phenomenon appears to be related 
to an enzyme system contained within particles in the cyto­
plasm, probably mitochondria. This enzyme system reduces 
the disulfide bonds in the polysaccharide-protein complexes 
of the yeast cell wall. Physical softening of the wall 
results, allowing an expansion of the cell wall in this 
weakened area and a migration of cellular material through 
this area to form a bud (Nickerson, 1963). 
Ophiostoma multiannulatum Hedge, and Davids is an asco-
mycete whose morphology in liquid cultures can be controlled. 
Generally on an adequate medium, growth is by budding conidia, 
but under adverse conditions, such as nutrient deficiencies 
or the presence of growth inhibitors, growth becomes hyphal. 
Such hyphal growth has been related to a lower DNA content 
per cell. This change in morphology was thought to be 
mediated by an antagonistic effect on DNA synthesis (Hofsten, 
1958, 1963, 1964). 
Recently, chemicals that promote mycelial growth at the 
expense of spore production have been hypothesized for use as 
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controls for Vertlcilllum wilt of cotton. Deoxyadenoslne, 
gossypol, and 5-fluorodeo%yurldine were shown to be effective 
as antisporulants with Verticillium albo at rum Reinke and 
Berth, in liquid, shake cultures. Gossypol also was shown to 
reduce the total growth. It was suggested that the effect 
of deoxyadenosine and 5-fluorodeoxyuridine was mediated by 
an antagonistic effect on DNA synthesis. Yet, when deoxy-
adenosine and 5-fluorodeoxyuridine were added to the soil in 
an attempt to control Verticillium wilt in cotton, there was 
no reduction of symptoms (Keen e^ al., 1971). 
Fungal metabolites and their actions 
The role of toxins found in culture filtrates of wilt 
fungi in the development of wilt diseases has long been dis­
cussed. Several wilting toxins have been isolated from these 
fungi growing ^  vitro, but have not been shown to be present 
in vivo. The actions of these toxins on the host also are 
often at odds with the observed reactions in the host after 
inoculation with the pathogen (Dimond, 1970). Yet, culture 
filtrate of liquid grown C_. ulmi. has been shown to produce 
symptoms similar to those of Dutch elm disease when injected 
into trees or when elm cuttings were submerged into the 
filtrate (Zentmyer, 1942; Zentmyer and Horsfall, 1942; 
Dimond, 19^7; Dimond e^ aJ., 19^9; Peldman e^ aJ., 1949; 
Frederick and Howard, 1951; Kerling, 1955; Salemink e^ al., 
1965; Rebel and Salemink, 1968; Angell and McNabb, 1970). 
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When the filtrate was injected into small elm trees young 
leaves wilted, curled upward, and died, while older leaves 
curled upward and developed necrotic spots. Also cell walls 
were discolored long distances from the injection site and 
dark gums appeared to plug the vessels (Zentmyer, 1942; 
Zentmyer and Horsfall, 1942). 
Extracting the filtrate with ethanol, resulted in 
precipitation of an ethanol Insoluble, gummy, amorphous 
polysaccharide, that produced upcurllng of leaves, withering 
of the leaf blade, but no necrosis of leaves on elm cuttings 
(Dimond, 19^7; Dimond e^ a2., 1949). Other workers have shown 
however, that culture filtrate could produce wilting of tomato 
cuttings when the polysaccharide production was eliminated 
by buffering or by oxygen tensions (Feldman et aJ., 1949), 
and others have shown no correlation between toxin titer and 
polysaccharide level in C. ulml cultures of eight U.S. iso­
lates (Frederick and Howard, 1951). Recent purification of 
this polysaccharide has Indicated that it is a white hygro­
scopic material that contains only glucose units and possesses 
no phytotoxlclty (Rebel and Salemlnk, I968). 
The ethanol soluble fraction of the culture filtrates 
produced necrotic spotting in the Interveinal areas of leaves 
and occasional collapse of stems or severe wilting on elm 
cuttings. Extracting this fraction with ether resulted in an 
ether soluble fraction with the same toxicity (Dimond, 1947; 
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Dlmond eib a2., 1949). By dlallzlng the ethanol soluble frac­
tion, the phytotoxic components were found to be nondializ-
able and to be a mixture of two compounds, (A) and (B), with 
molecular weights of 25,000 and 10^ respectively. Compound 
(A) proved to be a heat stable glycoprotein, which when applied 
to elm shoots in concentrations as low as 10~^ moles/liter, 
produced typical disease symptoms in elm cuttings ; dis­
coloration of leaves; vascular browning; and plugging of the 
vascular system with gums and tyloses (Salemink e^ a2., 1965; 
Rebel and Salemink, 1968). Further purification Indicated 
that compound (A) was composed of two components that are 
protein-polysaccharide in nature (Rebel and Salemink, 1968). 
Even with the ongoing debate concerning the role of these 
materials in the Dutch elm disease syndrome, a recent report 
indicated there were physiological responses in pathogen free 
host tissue on infected trees (Landis and Hart, 1972). 
Symptomless leaves, and chlorotic or partially chlorotic 
leaves on infected elm twigs were commonly pathogen free. 
Changes in oxygen and CO^ uptake, cell permeability, and 
transpiration in these pathogen free tissues occurred before 
the onset of visible symptoms. These data support the 
hypothesis that a systemic factor is present and causing 
these changes ; yet, this does not indicate that this 
substance(s) is necessary for pathogenesis (Landis and Hart, 
1972). 
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Toxin production of C. ulmi and pathogenicity also have 
been discussed. Using eight isolates from the United States, 
toxin titer was not found to be correlated to pathogenicity on 
seedling elms (Frederick and Howard, 1951). Yet there ap­
peared to be differences in reactions when susceptible and 
resistant elms were exposed to culture filtrate. When culture 
filtrate was incorporated into medium upon which U. americana 
L. and U. pumila L. seedlings were germinating, stimulated 
root growth of U. pumila occurred (Santamour and French, 
1958). Using the cultural filtrate of nine isolates repre­
senting a wide geographical distribution and various morpho­
logical differences, and using cuttings of a resistant elm, 
U. pumila, and a susceptible elm, U. hollandica Mill. 
'Belgica', a difference in reaction to the culture filtrate 
was shown between resistant and susceptible elms. U. pumila 
always expressed less symptoms than 'Belgica'. However, 
three of the isolates, an Asiatic isolate, a Dutch isolate 
type B, and an Iowa isolate type B, produced significantly 
more symptoms on U. pumila than the other six isolates. These 
data suggested that either these three isolates had a higher 
toxin titer, or had qualitative differences in their toxin 
(Angell and McNabb, 1970). 
Cellulase, pectinases, and growth promoting substances 
have been shown to be produced ^  vitro by C_. ulmi (Beckman, 
1956; Dimond and Husain, 1958; Biehn and Dimond, 1971). 
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Evidence indicated that the extracellular cellulase would 
not attack the cellulose of elm wood (Dimond and Husain, 
1958), but recent observations of direct penetration of vessel 
walls with the electron microscope refute these earlier data. 
Apparently enzymes produced ^  vivo do enable the fungus to 
attack the cellulose of elm wood (MacDonald, 1970; MacDonald 
and McNabb, 1971; Krause and Wilson, 1972). The production of 
polygalacturonase was induced to a greater extent by ethand 
insoluble fraction of elm shoots than by citrus pectin (Biehn 
and Dimond, 1971). The action of these enzymes was thought 
to enable the fungus to digest cell wall material to serve 
as a food source (Dimond and Husain, 1958). 
V 
Fungal growth 
When spores of C_. ulmi are introduced into xylem tissues 
of American elm by beetle feeding or by artificial inocula­
tion, they spread rapidly throughout the tree. In one study, 
within a few hours after Inoculation at the base of an 
American elm, C. ulmi was cultured and identified from the 
xylem sap collected from points up to 35 feet above the inocu­
lation site (Banfield, 19^1). These results have been dis­
puted, but recently £. ulmi was shown to reach the tops of 
small trees within a few hours and commonly within five-
eight days (Pomerleau, 1970). P^^-labeled spores, inoculated 
into young American elm trees, were rapidly translocated to 
young shoots and leaves. The labeled element was shown to be 
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distributed along the stem with concentrations in the areas 
of nodes, at points of petiole attachment, and in leaf 
veins (Mehran and Pomerleau, 1966; Pomerleau and Mehran, I966). 
This rapid transport of the fungus could best be attributed 
to multiplication of spores in the vascular system (Banfleld, 
I94I; Kerling, 1955; Ouellette, 1962a, 1962b; Elgersma, 1969). 
Xylem sap recently has been considered to be the area of 
fungal propagation, and the actual site of the pathogenic 
processes considered to be in the green shoots, especially in 
the area of petiole attachment (Pomerleau, I968, 1970). 
The spores appeared to travel rapidly in the trunk and 
branch vessels during the first two days after inoculation, 
but were soon attracted toward the pits (Pomerleau, 1970). 
After the spores were in the area of pits, they were often 
observed to germinate and to produce hyphae that might grow 
in all directions including through pit pairs into adjoining 
vessels. This hyphae might then continue to ramify, or 
produce more spores (Pomerleau, 1970). Similar observations 
of hyphal penetration through pit pairs into adjoining vessels 
have been made using the electron microscope. All types of 
vessels appeared to be invaded by the fungus but larger, 
40-80y, and medium-sized diameters, 30-40y, most commonly. 
However, spores and hyphae were found in vessels with di­
ameters as small as 8-lOy but never in parenchyma cells 
(Pomerleau, 1970). This last observation on parenchyma has 
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since been refuted using the electron microscope (MacDonald, 
1970; Jones, 1971; Krause and Wilson, 1972). Direct penetra­
tion of cell walls has been observed using this technique 
(MacDonald, 1970; MacDonald and McNabb, 1971; Krause and 
Wilson, 1972). These data are suggestive of mechanisms of 
lateral transport of the fungus (MacDonald and McNabb, 1971). 
Microscopic observations of C. ulmi in older vessels 
have shown the spores and hyphae to be covered with a granu­
lar material. In fact, within a few days after the fungus 
invaded a vessel, a gummy substance appeared around the fungus 
and development appeared to stop. Fungal material also was 
observed in one-, two-, or three-year old xylem that contained 
clusters of apparently normal spores and hyphae. However, 
commonly collapsed discolored fungal material was observed 
(Pomerleau, 1970). 
Both seasonal recurrence and recovery of diseased American 
elm has been observed. If trees were inoculated by beetles 
or artificial means in late summer, there were localized 
symptoms of disease, but none of a systemic nature. The 
fungus had become confined to those vessels invaded in the 
year of symptom expression thereby being buried by subsequent 
rings of healthy tissue. In larger American elms where re­
currence of the disease was most common, the fungus had grown 
laterally from the area of confinement into new xylem tissue 
(Banfield, 1968). 
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The presence of fungal spores always has been associated 
with vascular browning. Recent evidence has shown the upward 
movement of spores precedes by several days the visible 
progress of the brown discoloration in American elm. This 
interval between infection and discoloration persisted up 
to the tip of the twigs (Pomerleau, I968). 
The Responses of the Host 
Invasion of xylem tissue by a vascular pathogen and 
production of metabolites by the pathogen cause host responses. 
These responses, initially physiological, include: increased 
respiration; increased accumulations of polyphenols; and 
altered growth. The results, the generally observed histo­
logical changes, include: hypertrophy of xylem parenchyma 
cells and vascular discoloration. These types of responses 
have been observed in diseased elms. 
Increased respiration 
Respiration rates are generally increased by pathogen 
infection in plants, and vascular wilts are no exception. 
The increase in respiration of tomato plants infected with 
Fusarium oxysporum f. sp. lycopersici (Sacc.) Synd. and Hans, 
occurred in leaves soon after infection (Collins and Scheffer, 
1958). Similar increases have been observed in pathogen 
free leaves of diseased American elm (Landis and Hart, 1972). 
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Both of these reports suggested this increase in respiration 
was the result of the presence of a systemic factor, but a 
factor not necessarily involved with pathogenesis (Collins 
andScheffer, 1958; Landis and Hart, 1972). 
Vascular discoloration 
Vascular discoloration is a generally recognized feature 
in wilt diseases. In the first report on Dutch elm disease 
discoloration was observed to begin in vascular bundles and 
later spread to other elements of the wood (Schwarz, 1922). 
Later work has shown the discoloration of vessel walls, the 
first visible alteration in diseased xylem of two European 
elm hybrids, was followed by browning of the contents of 
living cells (Kerllng, 1955)• Discoloration in American elm 
wood has been observed to occur within two days after inocu­
lation (Ouellette, 1962b). In other work with diseased 
American elms, a yellowing of pit membranes, the first change 
to occur in xylem, ultimately spread to vessel walls produc­
ing a continuous discoloration. Then cytoplasm of living 
cells near affected vessels became granular, and were observed 
to turn from a yellow to a brown (Gagnon, 1967). Discoloration 
of pit membranes and contents of xylem parenchyma cells have 
been observed as early as one day after inoculation. There 
was no evidence suggesting discoloration of vessel walls 
(MacDonald, 1970). 
Discoloration of xylem has been attributed to the oxida­
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tion of phenolic compounds that accumulate in diseased tissue 
after inoculation. Studies have indicated in healthy elm 
tissue there was generally little reaction to the test for 
phenols. The strongest reaction occurred in a few scattered 
parenchyma cells. In diseased elms a strong reaction was 
observed as early as two days after inoculation. After five 
days, the positive reaction was noted in almost all ray 
and xylem parenchyma cells. As disease progressed, most 
cells, fibers 3 and vessels in the affected area became filled 
with phenolic compounds (Gagnon, I967). 
Using the electron microscope, two methods of accumu­
lation of phenolics within the vacuoles of xylem parenchyma 
were observed. The majority of phenolics appeared to aggre­
gate from smaller microparticles that fused within the vacuoles 
and became closely appressed to the vacuolar membrane, ulti­
mately filling the vacuole. Less frequently the xylem 
parenchyma cells contained small vacuole-like units with micro-
particles similar to those that accumulated in the central 
vacuole. These units occasionally were observed to coalesce 
with the larger central vacuole. Parenchyma cells that were 
observed to contain fungal material were completely altered 
so that their cytoplasmic integrity was lost. This type of 
reaction also was observed in parenchyma cells in which no 
fungus was observed (MacDonald, 1970). 
In some wilt diseases phenols seem to be liberated from a 
conjugated form by hydrolytic enzymes produced by the pathogen. 
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These liberated phenols are oxidized by polyphenoloxidase 
enzyme systems present in host tissues, and the resulting 
pigments cause discoloration (Beckman, 1964). Yet, in healthy 
and diseased banana roots, the major phenol, occurred in an 
unconjugated form (Mace, 1963; Mace and Wilson, 1964). These 
types of data generally are lacking in Dutch elm disease, but 
both healthy and diseased elms possess enzyme systems, poly­
phenoloxidase and peroxidase, that are thought to be respon­
sible for the oxidation of these phenols resulting in dis­
coloration (Gagnon, 1967). 
The role of these oxidized phenolics in wilt diseases 
is open for conjecture. The discoloration is not believed 
to interfere with water transport per se, but pigments may 
escape from parenchyma cells due to enzymatic action of the 
pathogen on pit membranes. These pigments are of high 
molecular weight and may become trapped in gels, in pits, or 
by tyloses where they may contribute to the plugging and re­
duced water transport through the vessels (Dimond, 1970). 
Commonly these oxidized phenols are fungitoxic quinones. 
Their polymerization in xylem parenchyma cells of Fusarium-
infected tomatoes appeared to inhibit mycelial growth of the 
fungus in these cells. A visible amount of this pigmented 
material appeared to escape from these parenchyma cells into 
vessels but apparently was insufficient to limit mycelial 
growth in the vessels (Dimond, 1970). In banana wilt caused 
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by F. oxysporliim t. sp. cubense (E. F. Sm. ) Snyder and Hansen, 
the oxidized phenolics are derived from the oxidation of 
dopamine. This compound, besides its role in producing 
vascular browning, protects lAA from oxidation suggesting a 
link between discoloration and tyloses production (Mace and 
Solit, 1966). The role of phenolics and their oxidized 
products in Dutch elm disease is unknown. 
Altered growth 
Hypertrophy of vascular parenchyma cells, including 
tyloses, is frequent when xylem tissues are affected by 
pathogens, or physiological or physical disturbances. Tyloses 
have been associated with many wilt diseases including wilts 
of oaks, elms, tobacco, sweet potato, hops, banana, grapes, 
and tomato (Beckman, 1964). There are very few studies 
concerned with the factors responsible for tylose formation. 
Evidence suggests that loosening of interpolymer bonds in the 
amorphous cell wall matrix may provide plasticity essential 
for the growth of parenchyma cells that results in tyloses. 
This type of loosening appears to be related to a diurnal 
change of pH occurring in vascular tissues due to increased 
respiration induced by the disease (Dimond, 1970). 
Tyloses have been observed routinely in vessels of 
diseased elms (Schwarz, 1922; Wollenweber, 1927; Buisman, 
1933; Clinton and McCormick, 1936; Kerling, 1955; Beckman, 
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1958; Ouellette, 1962a; Wilson, 1965; Tchernoff, 1965; 
MacDonald, 1970; Pomerleau, 1970). "Bladder like tylloses" 
were observed as the first changes to appear in infected elm 
wood (Schwarz, 1922). Until recently tyloses had not been 
observed in vessels that contained the fungus. Prom this 
observation it was hypothesized that a high toxin concen­
tration in vessels that contained the fungus inhibited tylose 
formation in these vessels, and a decreasing gradient of this 
toxin resulted in tylose formation in adjacent vessels 
(Kerling, 1955). Observations with the electron microscope 
have shown tylose development in elm was the result of growth 
of the protective layer-pit membrane complex of parenchyma 
cells into the vessels. Growth of this complex during tylose 
formation, indicated hormonal activity may be involved in 
tylose development in elm (MacDonald, 1970). This relation­
ship was suggested earlier in tomato (Beckman, 1966), and 
in Pusarium wilt of banana where the inhibition of lAA oxi­
dase by oxidized phenols appeared to be correlated to in­
creased tylose formation (Mace and Solit, 1966). However, a 
recent report indicates that tyloses may be present in the 
same vessels as the fungus (Krause and Wilson, 1972). Tylose 
formation was thought to be insufficient to cause wilting 
in one study using artificially inoculated elms (Ouellette, 
1962b), but in naturally infected elms there appeared to be 
sufficient production of tyloses to incite wilting (Wilson, 
1965). 
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An hypothesis of the role of tyloses in the resistance of 
plants to vascular pathogens has been proposed. This 
hypothesis suggests that a resistant host is able to trap 
the pathogen for a sufficient amount of time to allow the 
development of tyloses in advance of this trapping site, 
thus sealing the vessel and preventing systemic spread of the 
pathogen (Beckman, 1966). 
There are recent reports that support this hypothesis. 
When comparing resistant and susceptible lines of tomato to 
Fusarium wilt, the initial distribution of propagules of the 
fungus was similar in both lines. But, the secondary distri­
bution, accomplished by active growth of the fungus through 
perferation plates and end walls, was much greater in the 
susceptible lines (Elgersma ^  a^., 1972). This restriction 
of the pathogen in resistant tomatoes appeared to be corre­
lated with a greater intensity and more rapid tylose develop­
ment in areas in advance of the pathogen. The suggestion was 
made that a fungus metabolite may inhibit tylose development 
in susceptible lines. Whatever the ultimate cause of the 
differences in this host-parasite interaction, such differ­
ences became evident within two-three days after inoculation 
and were dependent upon a single dominant resistance gene 
(Beckman e^ al., 1972). This type of more rapid tylose devel­
opment has not been observed in resistant elms (MacDonald, 
1970). 
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Resistance of the Host 
Most studies concerned with resistance of elms to C. ulml 
have been concerned with the Identification of resistance, 
not the mechanisms. However, two general types of resistance 
mechanisms have been hypothesized. In the first type of re­
sistance, the host would limit the extent of establishment 
of the pathogen thereby preventing systemic infection. In 
the second type of resistance the external symptoms would be 
limited, but the amount of systemic establishment would 
parallel that found in susceptible elms. Of these two general 
mechanisms of resistance that have been hypothesized, the 
localization of pathogen establishment appears to be the most 
common general mechanism in elms. Using this hypothesis, 
four host factors have been suggested that singly, or in all 
possible combinations, could regulate this general mechanism 
(McNabb e^ a^. , 1970). 
The first host factor that could regulate resistance in 
elm is concerned with vessel size and grouping in the function­
al xylem (McNabb et aJ., 1970). The anatomical data of 
vessel diameters and contiguousness • collected from a wide 
range of Ulmaceae, clearly showed a relationship between the 
anatomy of the xylem tissue and susceptibility to Dutch elm 
disease. The smaller the vessel group size the greater the 
resistance to Dutch elm disease (McNabb et a^.1970). This 
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phenomena was not obsex- i by some of the early workers 
(Buisman, 1936; Dimond et al., 19^9)» but recently other data 
Indicated that anatomy was an important factor in resistance. 
The period of susceptibility in American elm corresponded to 
formation of large spring wood vessels (Smalley and Kais, 
1966; Pomerleau, 1970). Large vessels were thought to be of 
major importance in vertical spread of the spores, and most 
of the fungus was found in vessels of 30-80% in diameter 
(Elgersma, 19^7, 1969; Pomerleau, 1970). American elms 
selected for resistance were able to isolate the pathogen. 
These elms possessed fewer vessels that were larger than 50y 
in diameter than susceptible American elms that apparently 
could not isolate the pathogen (Zahand and Sinclair, 1969; 
Sinclair e^ , 1972; Sinclair e^ al., 1973). The down­
ward movement of spores of C. ulml was influenced by anatomy, 
with the most rapid movement in ring porous species (Campana 
et al., 1971). When irradiation prevented vessel formation, 
the movement of the fungus was significantly reduced 
(Campana, 1971). Vessel members also appeared to be shorter 
in resistant trees (Elgersma, 1969). 
The second host factor that could regulate resistance in 
elms is concerned with the relative time required for plugging 
of vessel groups or individual vessels by tyloses, gums or 
increased viscosity of xylary fluid (McNabb e^ a^., 1970). 
Tyloses and gums have been observed routinely in vessel 
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elements of diseased elms. Tyloses form as outgrowths of 
living cells, and electron microscope studies have shown new 
primary cell wall material was incorporated into the expanding 
protective layers of parenchyma cells as the tyloses formed. 
At maturity the tyloses contained cytoplasm, oxidized phenols, 
secondary cell walls and pit pairs (MacDonald, 1970; Jones, 
1971)• These workers did not observe tyloses in vessels that 
contained the fungus, but noted a gradient of intensive tylose 
formation in adjacent vessels and a decreasing intensity of 
tylose formation as distance from fungal material increased. 
This area has been called the "Reactive Zone" (MacDonald, 
1970). 
Indeed tyloses may totally plug the xylem vessels (Jones, 
197I; Beckman et al.. 1972) and could, if formed in time, 
effectively block the vertical movement of the fungus. Re­
sistant elms have been shown to limit the transport of spores 
and the production of tyloses was suggested as a factor in 
the limitation of this spread (Elgersma, I969). Tyloses also 
form in response to wounding, and evidence indicated wounding 
would delay the movement of the fungus downward into the base 
of the tree (Campana and Pratt, 1972). Downward movement is 
generally considered to be slower than upward movement, and 
these data give some indication of the time involved for 
effective blocking of the vessels. 
All of these observations suggest that a fvingal metabolite 
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acts at some distance from the fungus and living parenchyma 
cells respond by producing tyloses (MacDonald, 1970). Fungal 
metabolites that cause this type of response have been sug­
gested by many workers, and recent evidence indicates that 
fungal metabolites present in diseased twigs causes upsets 
in metabolism. Pathogen free leaf tissue on C_. ulmi-
diseased twigs has been observed to have higher respiration 
rates and altered 0^ and CO^ uptakes (Landis and Hart, 1972). 
These types of responses are not necessarily unique to wilt 
diseases and may be important in plant tissue as the first 
indication of pathogen induced altered metabolism (Dimond, 
1970). 
The third factor that could regulate resistance in elms 
is concerned with the relative rate of fungus growth, repro­
duction, and/or "toxin" production as affected by the gross 
nutrient level of the xylary fluid pre- and post-infection 
(McNabb et al., 1970). C. ulmi grows and sporulates well in 
xylem sap of several tree species including American elm 
(Kessler, 1966). The constituents of xylem sap of several 
elms has been studied before and after inoculation with 
C. ulmi. In noninoculated American elm a sharp drop in 
proline content was accompanied by an increase in amide 
content in the xylem sap coinciding with the time period of 
highest susceptibility. As susceptibility declined later in 
the season, the levels of amide nitrogen decreased with the 
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reappearance of proline. Asparagine and glutamine were the 
most abundant amides in the sap during the period of highest 
susceptibility. Asparagine was the only carbon source re­
quired for C. ulmi growth in liquid culture (Kessler, 1966) 
and was required for toxin formation (Dimond e^ al_., 1949). 
High levels of asparagine and glutamine in the sap during the 
period of high susceptibility were suggested as being neces­
sary for the production of toxic fungal metabolites (Singh and 
Smalley, 1966, 1969a, 1969b, 1969c). 
No correlation was shown between the total concentra­
tions of amides and amino acids in xylem sap of resistant and 
susceptible elms, except that proline was present in the sap 
of resistant trees. The amide and amino acid content of xylem 
sap of all resistant and susceptible elms sampled was high 
during early spring but decreased rapidly beginning at about 
the period of highest susceptibility. There also did not 
appear to be any differences in the total content of 
sugar in the xylem sap between resistant and susceptible elms 
whether the sampling was during the period of high suscep­
tibility or later in the season (Elgersma, 1967, 1969). 
In samples of the xylem sap of American elm taken after 
inoculation, proline, alanine, and -y-amino-n-butyric acid 
were found to have increased, while total amide content de­
creased. These changes occurred more rapidly when inocula­
tions were made during the period of high susceptibility 
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than when inoculations were made later in the season. These 
changes were observed before the development of vascular dis­
coloration in early inoculations and coincided with appear­
ance of vascular discoloration in later inoculations. Con­
centrations of fructose, glucose, and sucrose were the same 
in the xylem sap of diseased and healthy trees prior to the 
appearance of wilt symptoms, after which they greatly in­
creased in diseased trees. The significance of these changes 
and their effects upon the growth and reproduction of C. ulml 
was not clear (Smalley and Singh, 196$). 
The fourth host factor that could regulate resistance in 
elms is concerned with the inhibition or promotion of-fungus 
growth, reproduction and/or "toxin" production by hormone­
like host metabolites, pre- and post-infection (McNabb e^ al., 
1970). Data concerning this factor are scarce. The dis­
coloration always associated with diseased trees, whether 
resistant or susceptible, has led to speculation concerning 
the role of these oxidized compounds in inhibiting fungus 
growth. The fungus has been found in advance of the dis­
coloration in American elm indicating that oxidized phenolics 
responsible for discoloration probably had no effect on 
C. ulmi grown in American elm (Pomerleau, 1970). However, 
some evidence indicates that these materials are fungitoxic 
and do diffuse into the sap stream in some wilt diseases 
(Dimond, 1970). Recently two specific phenolic compounds 
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have been reported to accumulate in C. ulmi-diseased trees. 
These compounds, manosomes, were fungitoxic, but the accumu­
lation rates did not correspond to degrees of resistance or 
susceptibility. U. hollandica 'Belgica' accumulated 15 times 
as much of these compounds as American elm, yet both are sus­
ceptible. This led to the conclusion that these two mano­
somes were not responsible for the resistance of elm to 
C_. ulmi (Overeem and Elgersma, 1970; Elgersma and Overeem, 
1971). The fungus reproduces in vessels of resistant and sus­
ceptible trees in an area near the site of inoculation at 
about equal rates for several days. Therefore, the production 
of a fungitoxic or fungistatic substance in resistant trees 
was thought to be improbable (Elgersma, 1967, 1969). How­
ever, considering that in resistant trees the disease is 
limited, and the discoloration and other host reactions more 
intense (MacDonald, 1970; Jones, 1971) there still may be 
growth stoppage or death of the fungus caused by lack of 
nutrition or by fungitoxic action by oxidized phenolics 
(Elgersma, 1969). 
When seedling elms were used for resistance screening, 
consistent results were difficult to obtain (Smalley, 1963; 
Tchernoff, 1965; Schreiber, 1970). This problem has been 
attributed to careless handling of seedlings (Tchernoff, 
1965) or to the fact that the period of susceptibility may 
have been missed before inoculation (Smalley, I963). The 
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resistance in one-five month old American elm seedlings re­
cently has been attributed to an extract found most abundant­
ly in leaves. £. ulmi survival in these inoculated seedlings 
decreased until after 16-22 weeks, reisolation of the fungus 
was impossible. The extract, presumably produced in photo-
synthesizing tissue, was found to be fungistatic and if con­
centrated fungicidal. In the presence of the extract, C. ulmi 
produced aborted germ tubes and did not bud like the controls 
(Schreiber, 1970). 
Plant Tissue Cultures 
Plant tissue cultures have been used to considerable 
advantage in studies on plant pathological problems; the best 
example being studies with plant tumors. Whether studying 
plant tumors of bacterial (Braun and Lipetz, 1966), insect 
(Pelet ^  , I960; Braun and Lipetz, I966), or of unknown 
etiology (Reinert and White, 1956; Risser and White, 1964; 
Braun and Lipetz, I966), tissue cultures have been used to 
shoimf autonomy of tumor tissue, tumor progression, regulation 
of biosynthetic systems in tumor tissue, and heritable changes 
that lead to autonomous growth of plant tumor cell types 
(Braun and Lipetz, I966). However, in this discussion the 
primary concern will be with uses of plant tissue cultures 
in studies of host-fungal parasite interactions, with studies 
of the effects of metabolites of pathogens on tissue cultures. 
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and with studies of the effects of metabolites of tissue 
cultures on microorganisms, including pathogens. 
Plant tissue cultures and fungal pathogens 
Many plant diseases of fungal origin are caused by obli­
gate parasites. This characteristic has led to difficulty 
in obtaining and maintaining axenic cultures of these para­
sites. The technique of tissue culture has been used to 
obtain axenic cultures of several of the obligatory parasitic 
fungi with the subsequent development of culture media upon 
which these fungi can be maintained. 
The original concept for use of tissue cultures in the 
study of obligate plant parasites was to form tissue cultures 
of a susceptible host and to infect this tissue with fungus 
spores (White, 1968; Scott and Maclean, 1969). Tissue cul­
tures of Vitis vinifera L. were established and inoculated 
with spores of Plasmopora viticola (Berk, and Curt.) Berl. 
and Det. and were observed to be covered with typical fungal 
condiophores within six days (Morel, 1944). However, this 
technique was unsuccessful with rust fungi (Morel, 19^8). 
Recently, inoculation of healthy undifferentiated tissue 
cultures derived from the stem and leaves of western white 
pine, Pinus montlcola Dougl., with germinating basidiospores 
of Cronartlum ribicola J. R. Fischer, has been successful. 
Tissues derived from leaves grew slower and were colonized 
more rapidly by the rust fungus than tissue derived from stems 
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(Harvey and Grasham, 1969a, 1969b, 1970). Inoculation of 
wheat tissue cultures with rust diseased leaf mesophyll 
tissue placed in direct contact with the healthy tissue has 
been reported (Milholland, 1962). 
Attempts to inoculate tissue cultures with obligate para­
sites other than rusts have been more successful. Placing 
conidia of Erysiphe cichoreacearum DC. on sunflower tumor 
tissue cultures produced a small amount of disease, but this 
dual culture was very short lived (Heim and Gries, 1953). 
Inoculation of rose tissue cultures with powdery mildew 
appeared to be successful on one occasion, but was not veri­
fied (Coyer, 196I). Inoculating healthy turnip tissue cul­
tures with spores of downy mildew resulted in growth of the 
fungus on the tissue (Nakamura, I965). Peronospora parasitica 
(Fr.) Tul. also grew well on tissue cultures of drum head 
cabbage, but the results of parasitic activities on this tissue 
were often at variance with the results of parasitic acti­
vities on intact plants (Ingram, 1969c). 
Greater success using tissue cultures as a tool to study 
obligate parasitism has been achieved by establishing dual 
tissue cultures derived from tissue infected by the obligate 
parasites. Starting with systemically infected plant tissue, 
telial galls of Gymnosporangium .luniperi-virginianae Schw. 
from juniper, a dual membered tissue culture was established. 
The mixed cultures grew quite slowly but produced telial 
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horns indicating that the rust fungus remained active in the 
cultured tissue (Hotsen and Cutter, 1951). A fungus mycelium 
grew from the callus tissue, invaded the nutrient medium, and 
was sub cultured onto medium in the absence of host cells. 
Seven strains of this rust were isolated using this technique 
and all were able to infect their alternate hosts in tissue 
cultures and under field conditions. Four isolates were able 
to reinfect Juniper (Hotsen and Cutter, 1951; Hotsen, 1953; 
Cutter, 1959). There have been some problems repeating 
Cutter's work, and it may not have received the recognition 
it deserves (Scott and Maclean, I969). 
Following the lead of Cutter however, many plant pathol­
ogists have attempted and often succeeded to produce dual 
cultures of other host-rust fungi combinations. A dense 
felt-like growth of aerial mycelium of Melampsora lini (Pers.) 
Lev. was obtained from infected flax cotyledons placed on a 
nutrient medium, but the mycelium remained dependent upon 
the host tissue (Turel and Ledingham, 1957). Using the 
sterile urediospores produced from rust infected flax' tissue 
cultures, inoculation of other noninfected flax tissue cultures 
has been successful (Turel, I969). Rust diseased sunflower 
hypocotyls and stem tissues grew in a dual culture but were not 
subcultured easily (Nozzolillo and Craige, i960). Using a 
modified tissue culture technique, a leaf culture serving as 
a source of urediospores, Puccinia graminis Pers. f. sp. 
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trlticl and other Puccinla species have been successfully 
grown in vitro (Williams e^ al., 1966; Bushnell, 1968; Kuhl 
et al.J 1971). Gall tissue from Pinus elliottii Engelm., 
slash pine, produced a dual culture, and the fungus, 
Cronartium fusiform! Hedge, and Hunt ex Cumm., remained in a 
viable condition in the culture for at least five months 
(Walkinshaw e;t a2. , 1965). Prom a similar dual culture, myce­
lium of the fungus was observed growing onto the tissue cul­
ture medium, and was successfully subcultured onto medium 
near a growing healthy pine tissue culture. Using this tech­
nique, a chemically defined medium upon which C. fusiformi 
grows and produces aeciospores has been developed (Mollis 
e^ al., 1972). Western white pine, P. monticola, stem 
sections infected with C. ribicola also produced dual cultures 
(Koenigs, I968). Invasion of newly formed callus was general­
ly slow but dense aerial mycelium was observed frequently. 
Intercellular mycelium and intracellular haustoria also were 
observed. Vegetative mycelium invaded the medium and could be 
subcultured onto a medium that had formerly supported pine 
tissue cultures, but could not be subcultured onto any de­
fined media (Harvey and Grasham, 1969a, 1959b). 
Dual cultures also have been established from roots of 
cabbage infected with Plasmodiophore brassicae Wor., and this 
culture contained the parasite in an active plasmodial stage. 
On a suitable medium, P. brassicae could be maintained in a 
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complete balance with host tissue cultures (Strandberg 
et al.a 1966; Ingram, 1969a, 1969b; Keen e^ aJ., 1969; 
Williams e^ a2., 1969)• 
There are several studies using tissue cultures with 
fungal pathogens that are facultative parasites. Tissue 
cultures have been established from leaf blades and petioles 
of Mcintosh and Cortland apples. When these cultures were 
Inoculated with two strains of Venturia inequalis (Cke.) 
Wint., one pathogenic on both apple varieties and one patho­
genic only on Cortland, there was no growth of the fungus 
on any of the tissues until they became senescent. There 
was no indication of a toxin being produced by the tissue 
(Saad and Boone, I966). Suspension cultures of Solanum 
tuberosum L. have shown that cell aggregates of S. tuberosum 
var Orion (resistant to Phytophthora infestans (Mont.) DBy. 
race 4) resisted attack by race 4, while similar cultures of 
S. tuberosum var Majestic (susceptible to race 4) stimulated 
fungal growth (Ingram and Robertson, 1965; Ingram, I967). 
Tissue cultures of tomato varieties that varied in their sus­
ceptibility to race 0 of P. infestans, showed that at least 
partial resistance was maintained in the undifferentiated 
tissue culture from plants that were homozygous for the 
resistant gene Ph^ when they were inoculated with race 0 
(Warren and Routley, 1970). The inoculation of tissue cultures 
of American and Siberian elm has shown C. ulmi colonized the 
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tissues of both species equally well (Holden et al., 1970). 
Tissue cultures from two similar tobacco plants, one resistant 
and one susceptible to race 0 of Phytophthora parasitica Dast. 
var. nicotianne, indicated that under certain defined condi­
tions tissue cultures from resistant plants were colonized 
less rapidly by race 0 than tissue cultures from susceptible 
plants. Differential colonization of these cultures was 
influenced by temperature, inoculum concentration, morpho­
logical form of the tissue, hormonal content of the tissue 
culture medium, and the genotype of the tissue and the patho­
gen. The morphological form of the tissue culture was a 
most critical factor in determining the differential 
colonization. "Loose" callus and recently isolated pith 
tissues from resistant plants were colonized as readily as 
tissues from susceptible plants, while "tight" and budding 
tissues from resistant tobacco plants were colonized more 
slowly than the corresponding tissues from susceptible plants. 
Perhaps of greatest significance however, was that different 
colonization rates were obtained with "tight" tissues of 
similar morphology but grown on different hormonal regimes. 
This could lead to the possibility of controlling resistance 
within a single line of tissues (Helgeson et al., 1972). 
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The effect of pathogen metabolites on plant tissue cultures 
There have been studies concerned with the effects 
of pathogen metabolites on host tissue cultures. In the 
earliest report fermented cell free bacterial medium from 
both virulent and attenuated crown gall bacterial cultures 
was added to the medium of tobacco and.sunflower tissue 
cultures. There was little effect on tissue with filtrate at 
low concentrations, but filtrate of both crown gall cultures 
strongly inhibited growth of tissues at higher concentrations 
(Hildebrandt e;t , 1946). Using tissue cultures derived 
from germinating seeds of U. amerlcana, there was no indica­
tion that the tissue was affected when cultural filtrate of 
liquid, shaker grown C_. ulml was added to the medium (Holmes. 
1954). Recently there have been reports on the effects of 
metabolites of bacterial pathogens on bean tissue cultures. 
Using the cultural filtrates from two strains of Pseudomonas 
phaseollcola (Burk.) Dows., a nonhalo toxin-producing strain 
and a halo toxin-producing strain, an inhibition in growth 
of Phaseolus vulgaris L. tissue cultures of up to 50% in 
fresh weight and 40% in dry weight was produced when the halo-
toxin containing filtrate were incorporated into the tissue 
culture medium (Rudolph and Warick, 1968). The addition of 
cultural filtrate of P. phaseollcola to bean tissue culture 
medium at 5-10% (v/v), resulted in a reduction in tissue 
growth of 60%. These treated tissues were less friable, and 
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histological examination indicated an inhibition of cell 
division and an increase in abnormal cells. With the addi­
tion of kinetin to the medium at concentrations of 0.1-0.2 
ppm, the effects of the halo-toxin could be negated (Bajaj 
and Saettler, 1968). Clarifying that inhibition of growth 
of bean tissue cultures was due to the halo-toxin of P. 
phaseolicola and not Just general bacterial staling products, 
bacterial cultural filtrates of nonhalo-toxin producing bac­
teria, P.syringae Sergey e^ al., P. morsprunorum Wormald, 
failed to inhibit the growth of the bean tissues to any 
greater extent than did the chemically defined bacterial 
medium. Similarities of action of the halo-toxin on bean 
leaves and on the bean tissue cultures gave further support 
that growth inhibition of tissue cultures was a direct result 
of the halo-toxin. Both bean tissue cultures and bean leaves 
had lower levels of soluble protein and higher levels of 
total nitrogen after treatment with the halo-toxin containing 
cultural filtrate. Besides these similarities the tissue 
cultures appeared to be more sensitive than leaves to lower 
toxin concentrations (Bajaj and Saettler, 1970). 
The effect of plant tissue culture metabolites on micro­
organisms including pathogens 
There also have been studies conducted using plant tissue 
cultures as a source of antimicrobial compounds. Several 
philosophical discussions of the practical uses of plant 
38 
tissue cultures have shown interest in the potential use of 
such cultures as improved sources of large quantities as well 
as new sources of medicinal and antimicrobial compounds 
(Klein, I960; Campbell e;t a2., 1965; Carew and St aba, I965). 
The first report of such antimicrobial activity by plant 
tissue cultures indicated that when the agar medium upon 
which Populus tremuloides Michx. tissue had grown was inocu­
lated with a suspension of fungal spores or bacterial cells, 
inhibition zones occurred where the tissues had grown 
(Mathes, I963). Using this same technique, a large number 
of different plant species demonstrated antimicrobial activ­
ity both in the extracts of the intact plants and in their 
tissue cultures (Mathes, 1967). The media upon which tissue 
cultures of 24 plants had grown were most active against gram 
positive bacteria (Khanna and Staba, 1968). Extracting both 
the agar upon which these tissue cultures had grown and the 
tissues, with water and a 50% ethanol-ether combination, anti­
microbial substances were found in the tissues and in the 
medium (Khanna and Staba, I968; Khanna et al., 1971). Ex­
tracting the medium upon which lettuce and cauliflower tissues 
had grown with et hand, yielded an ethanol soluble fraction 
that was highly inhibitory against Staphlococcus aureus 
Rosenbach (Campbell et a^., I965). 
Tissue culture metabolites also have been shown to have 
an effect on plant pathogens. Tissue cultures of potatoes 
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resistant to race 4 of P. Infestans have been shown to possess 
a toxicity to the fungus. This toxicity was found in the 
tissue culture medium after attempts were made to Inoculate 
this tissue with race 4 of P. infestans. The toxicity pre­
vented the germination of the zoospores for as lor% as 144 
hours after the initial infection attempt. This toxicity 
has been shown to be related to the presence of salicylic, 
vanillic, and p-hydroxybenzoic acids in the medium (Ingram, 
1967; Robertson e^ a2., 1968). A loss of phenolics in sus­
ceptible tomato tissue cultures after inoculation with P. 
infestans race 0 was related to destruction of the tissue 
culture by the pathogen (Warren and Routley, 1970). Tissue 
cultures of Pisium sativlum L. have produced pisatln when 
grown ^  vitro. In fact the production of pisatln may be 
important in the control of the initiation of pea tissue 
cultures because of the marked inhibition of tissue growth 
at low concentrations, 5 to 10 mg/1 (Bailey, 1970). Yet, 
very recently a report suggested using care in the use of 
unnatural host-parasite systems. This statement was precipi­
tated by the lack of specificity of the production of a 
phytoalexin, hydroxyphaseolin, by various tissues of re­
sistant and susceptible lines of soybeans including tissue 
cultures. This phytoalexin is thought to be a factor in 
resistance of certain soybean lines to Phytophthora 
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megaspcrma P. va. so.1 ae (Keen and Horsch, 1972). Doubts 
as to the reliability of this criticism also have been ex­
pressed (Helgeson e^ a2., 1972). 
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MATERIALS AND METHODS 
Selection of Host Material for Establishment 
in Tissue Culture 
In the early tissue culture initiation attempts, Ulmus 
americana and NL P275 (Belgica), both susceptible to Dutch 
elm disease, and NL 390, resistant to Dutch elm disease were 
selected for establishment in tissue culture. In later at­
tempts more liberal use was made of the imported Dutch material 
and several selections and hybrids were chosen. Ulmus pumila, 
Siberian elm, also was selected. This material would result 
in tissue cultures of elms that differed in resistance to 
Ceratocystis ulmi (Table 1). 
Tissue Culture Initiation and 
Maintenance 
Media selection and preparation 
The basic tissue culture medium, hereafter referred to 
as basic tissue medium (Table 2), selected for use in this 
study was a modification of the tobacco tissue culture medium 
developed by Linsmaier and Skoog (1965)• This was a simple 
chemically defined medium that had been used extensively in 
studies of growth and differentiation of tobacco tissues. 
The addition of pyridoxine, a requirement for growth of ash 
tissue cultures, to the tobacco medium constituted the modi­
fication (Wolter and Skoog, 1966). Stock solutions of all 
components of the medium were made; the inorganic components 
Table 1. Elm selections and hybrids initiated in tissue culture 
Clone Binomial names including parentage Year Resistance^ 
Number of hybrids Initiated Rating 
NL 1 U. carpinifolia Gled. 1971 2 
NL 49 U. glabra Huds. 1971 2 
NL 202 U. glabra 'Exoniensis' P265X 
U. wallichiana Planch. P39 1971 3 
NL P275 U. X hollandica Mill. 'Belgica" I969 1 
NL 296 'Groeneveld' U. glabra 49 X 
U. carpinifolia 1 1971 6 
NL 390 U. X hollandica 'Bea Schwarz' 62 OP 1969 5 
NL 494 (U. glabra 'Exoniensis' P265 X 
U. wallichiana P39) 202 Sf 1971 4 
NL 496 (U. glabra 'Exoniensis' P265 X 
U. wallichiana P39) 202 X Tu. carpinifolia 1 X U. carpinifolia 28) 302 1971 6 
U. americana L. 1969 0 
U. pumila L. 1971 5 
This resistance rating code was based on results from artificial Inoculation 
trials in the Netherlands (McNabb ejb aJ. , 1970). (Rating spread: 7 - immune 
to 0 - highly susceptible). 
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Table 2. Composition of basic tissue medium 
Component Concentration 
NH^NOg 1 6 5 0 . 0  mg/l 
KNOg 1900.0 mg/l 
CaCl2.2H20 440.0 mg/l 
MgSO^ j. 7H2O 370.0 mg/l 
KHgPO^ 170.0 mg/l 
NagEDTA 37.3 mg/l' 
FeS0^.7H20 2 7 . 8  mg/l' 
H3BO4 6 . 2  mg/l 
MnSO^.HgO 22.3 mg/l 
ZnSO^.THgO 8 . 6  mg/l 
KI 0 . 8 3  mg/l 
Na2Mo0^.2H20 0 . 2 5  mg/l 
CUSO21.5H2O 0 . 0 2 5  mg/l 
CoClg.GHgO 0 . 0 2 5  mg/l 
Pyridoxine.HCl 0 . 5 0  mg/l 
Thiamine.HCl 0.40 mg/l 
Myo-Inositol 1 0 0 . 0 0  mg/l 
3-Indoleacetlc acid 2.0 mg/l 
Kinetin 0.20 mg/l 
Agar 10.0 g/1 
Sucrose 30.0 g/1 
^5 ml/1 of a stock containing 5.57 g FeSOh.7HpO and 
7.45 g NagEDTA per 1 of deionized, distilled water. 
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were stored at room temperature, and the organic components 
were kept refrigerated. 
During medium preparation proper amounts of inorganic 
and organic constituents from the stock solutions were poured 
into one liter volumetric flasks and diluted to volume with 
deionizedj distilled water. The pH of this solution was 
adjusted to 5-5 with IN KOH or IN HCl. Sucrose and agar 
were added and the medium was heated to dissolve the agar. 
The hot medium was dispensed into culture containers and 
autoclaved. In later work coconut milk was a commonly added 
enrichment. The coconuts were purchased locally and the 
milk drained from them. The milk was filtered, autoclaved 
for 20 minutes, cooled and refiltered, and frozen until used. 
The coconut milk was added before dilution with deionized, 
distilled water. This enriched medium was heated, dispensed 
and autoclaved like the normal basic tissue medium. 
Glassware cleaning 
All glassware used in media preparation, and for growth 
of the tissue cultures was washed twice, first with ordinary 
dish soap and second with a special cleaning solution, ?-X 
(Linbro Chemical Co. Inc., New Haven, Conn.). All glassware 
was washed in dish soap and rinsed three times in distilled 
water and allowed to dry. After drying the glassware was 
washed again in a 1% J-X solution and rinsed three times in 
deionized, distilled water and allowed to dry. The culture 
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bottles were capped with clean dry aluminum screw caps and 
stored until needed. 
Culture containers 
The containers selected for growth of the tissue cultures 
were six- or eight-ounce, square flint bottles with aluminum 
screw caps. These types of containers were readily available, 
autoclavable, easily stored, and were made of reasonably 
good glass. Similar containers had been used in previous 
studies (White and Risser, 1964). Approximately 50 ml of 
hot medium was poured into each bottle and these bottles were 
autoclaved for 20 minutes, slanted, and cooled. Bottles with 
media were routinely stored for short periods until needed. 
Large test tubes containing 25 ml of the basic tissue medium 
were used occasionally. 
Transfer techniques 
Transfer of tissue cultures was done under the forced 
air hood (Microvoid) on paper toweling or cheesecloth soaked 
in 10% clorox. Bottles containing fresh medium, the bottle 
containing the tissue that was to serve as the "mother 
culture", and several petri plates containing 2% water agar 
were placed under the hood. Using a spoon sterilized by 
placing in alcohol and flaming, the "mother culture" was 
removed from the bottle and placed on the 2% agar in a 
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pétri dish. A Gillette Thin blade broken into quarters and 
clamped into an X-acto handle served as the knife for cut­
ting the "mother culture" into approximately 100 mg expiants. 
A bottle containing fresh medium was selected. The cap was 
removed and placed on the clorox soaked area, and the mouth 
of the bottle flamed in an alcohol flame. The knife was used 
to transfer the expiants from the petri dish onto the new 
medium, two expiants per bottle. After transferring was 
completed, the mouth of the bottle was again flamed and the 
flamed cap replaced. 
Culture environment 
Bottles containing new expiants were stored in the dark 
in incubators at 21-23° C. If incubator space became limited 
the bottles were placed on shelves and stored at the same 
temperature but were not in the dark. The bottles were 
stacked allowing for approximately 250 bottles per incubator. 
Initiation of tissue cultures 
Stems with succulent growth were collected in early-
to mid-June. Leaves were removed, and the stems were cut 
into approximately six-inch lengths and washed for 12 hours 
in running tap water. These sections were placed in 10% 
clorox solution for one hour and then rinsed three times in 
sterile distilled water. Working under the hood the sterile 
stem sections were cut with a flamed single edged razor or a 
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flamed straight razor into sections one and one-half inches 
in length. Each of these sections was split longitudinally 
and placed on the surface of an agar medium in a petri dish. 
In early initiation attempts only 1% water agar or basic 
tissue medium were used in these petri dishes, but in later 
attempts the basic tissue medium was enriched with 10% 
coconut milk, and in these attempts stem sections were placed 
on all three types of media. These plates with the stem 
sections were stored at room temperature on the laboratory 
bench in a lighted area. Daily checks were made for contami­
nation and cambial proliferation, and badly contaminated stem 
sections were destroyed. As soon as cambial proliferation 
was noted, the area of proliferation was aseptically removed 
from the stem section and placed into culture containers on 
the basic tissue medium or the enriched medium. After initia­
tion, the tissue cultures were transferred at six week inter­
vals . 
Microscopic Observations 
Mature tissues were fixed and embedded in paraffin for 
microscopic examination. The tissues were fixed in FAA, de­
hydrated through a TBA series (Jensen, 1962) and embedded in 
tissue mount. The embedded material was sectioned at lOy on 
a rotary microtome, stained with safranin and fast green, 
and morphological observations made. 
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Growth Studies on Tissue 
Cultures 
Earlier work with U. americana tissue cultures derived 
from insect gall tissues showed both pH and the amount of 
coconut milk in the medium effected growth of tissue cultures 
(Pelet e^ al., I96O). Studies on growth of tissue cultures 
of several elms on media that varied in initial pH and con­
centration of coconut milk were initiated. Using a factorial 
experiment, it was possible to study the effects of both of 
these factors and their interactions. A 6 factorial ex­
periment was developed, with six levels of coconut milk in 
the basic tissue medium and six levels of initial pH of these 
media. The coconut milk levels selected for addition to the 
basic tissue medium were 0%, 5%, 10%, 15%, 20%, and 25%, 
(v/v) . Initial pH levels used were 4.5, 5.0, 5-5, 6.0, 6.5, 
and 7.0. There were either five or six replications in each 
of the 36 treatment combinations. 
Media preparation 
Components of the basic tissue medium were dispensed 
into 1000 ml volumetric flasks and proper amounts of coconut 
milk added to these components before dilution with deionized, 
distilled water to achieve the final concentration of coconut 
milk desired. One and one-half liters of medium were pre­
pared for each coconut milk level. This was divided into six 
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equal portions, one portion for each initial pH level, and 
the pH was adjusted by the addition of IN HCl or IN KOH. 
This procedure was repeated at each level of coconut milk. 
After pH adjustment sucrose and agar were added. The medium 
was heated to dissolve the agar, dispensed into bottles, 
autoclaved for 20 minutes, slanted, and cooled. The pre­
pared media were stored at room temperature until trans­
ferring of tissue expiants began. 
Tissue selection 
The "mother cultures" selected to serve as a source of 
expiants for transferring onto the experimental media were 
selected for uniformity of size, color, and quality of growth. 
The criteria for this selection was entirely subjective with 
only the largest, the lightest and most uniform colored, and 
the most uniform in growth quality selected to serve as 
"mother cultures". Because of the apparent uniformity of the 
"mother cultures" no effort was made to randomize the source 
of "mother cultures" or to randomize the experimental media 
on which the expiants of these cultures were to be trans­
ferred. In a later experiment there was total randomization 
of both "mother cultures" and the experimental media. 
Evaluations 
At harvest, after approximately six weeks, growth of 
the tissues was evaluated. Subjective evaluations of growth 
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and color were made. The subjective growth evaluation 
used the ratings, 0-5; 0 = poor growth ; 5 = excellent 
growth. The color evaluations were also subjective ratings, 
0-5: 0 = dark-colored; 5 = white. The tissues were removed 
carefully from the bottles and wet weights determined. These 
tissues were placed in a drying oven at 60° C for 48 hours, 
and dry weights and percentage dry weights determined. In 
the later experiments final pH of the medium also was deter­
mined. These data were analyzed by analysis of variance 
(Barr and Goodnight, 1971) and probability statements of 
treatment effects made from the calculated F values (Snedecor 
and Cochran, 1967). 
Studies on the Effect of Direct Inoculation of Mature 
Tissue Cultures and Stale Tissue Medium with C. ulml 
A small drop of spore suspension was placed on the top 
surface of mature tissue cultures of six elms varying in re­
sistance to Dutch elm disease. After seven days, subjective 
evaluations of fungal growth and tissue responses were made. 
Mature six week old tissue cultures were removed from 
the surface of the medium, and an agar plug of C. ulmi placed 
on the medium in the area where tissues had grown. Seven 
days later areas of the fungal colonies were determined. The 
surface of the colonies was flushed with 10 ml of water to 
remove the spores, and the resulting spore suspension plated 
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out and fungal colonies counted. The colony counts were con-
2 
verted to the number of spores produced per cm of fungal 
colony. 
Studies on the Effect of Culture Filtrate. 
on Tissue Cultures 
Studies were initiated to study the effects of culture 
filtrate of shaker grown £. ulmi cultures and fractions of 
the filtrate on ,tissue cultures of three elms. These in­
cluded tissues of U. americana, susceptible to Dutch elm 
disease, and NL 390 and NL 496, both resistant to this 
disease (Table 1). 
Growth of the fungus 
The isolate of C. ulmi selected for use in these studies 
was the most common isolate found in Iowa, a "B" type, Iowa 
number 3096, originally isolated June 15, 1968 from a specimen 
collected in Iowa county. In the summer of 1972 an American 
elm was inoculated with a spore suspension of this isolate 
and the fungus reisolated from the resulting diseased tree. 
Since then, this isolate has been maintained on potato dex­
trose agar with bi-weekly transfers. The medium selected for 
growth in liquid cultures was a chemically defined medium 
(Tchernoff, 1965) hereafter referred to as basic fungus 
medium (Table 3). A plug of inoculum was placed in 100 ml of 
the basic fungus medium in a 250-ml erlenmeyer flask. The 
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Table 3• Composition of basic fungus medium 
Component Concentration 
Glucose 20 g/1 
L-Asparagine 2 g/1 ' 
KHgPO^ 1.5 g/1 
MgSOy•THgO 1 g/1 
ZnSO^ 20 mg/1 
FeClg . 10 mg/1 
Thiamine 1 mg/1 
Pyridoxine 1 mg/1 
flask was placed on a Gyrotary Shaker rotating at approxi­
mately 105 revolutions/minute, and the fungus allowed to 
grow for four days at 21-23° C. On the fourth day, the 
fungus suspension was centrifuged for 30 minutes at 15,000 
xg. The supernatant, hereafter referred to as culture 
filtrate, was collected and refrigerated at 4° C. 
Concentration, fractionation, and incorporation of culture 
filtrate into basic tissue medium 
The culture filtrate was concentrated under vacuum at 
36° C to one-sixth its original volume. An equal volume of 
95? ethanol was added to a portion of this concentrate and 
the ethanol insoluble fraction removed by filtration. The 
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ethanol was removed under vacuum from the ethanol soluble 
fraction, and both fractions redissolved in water. 
Portions of the ethanol soluble fraction were further 
fractionated. One portion of this fraction was extracted 
with di-ethyl-ether for 24 hours. The two resulting frac­
tions were distilled under vacuum to remove the ether and 
the residues redissolved in water. The other portion of 
the ethanol soluble fraction was dialized at 4° C for 24 
hours against a large volume of distilled water (Figure 1). 
All the fractions of culture filtrate were reconcentrated 
under vacuum to the proper volumes. The culture filtrate 
and its fractions in concentrated form were sterilized by 
filtration using Millipore filters with a pore size of 0.45y. 
Two ml of the sterilized, concentrated materials were in­
corporated into cooling tissue culture medium. This 
resulted in media that contained 25% (v/v) culture filtrate 
or its fractions. 
Transferring of expiants and evaluation of results 
Expiants of the "mother cultures" were placed directly 
on these experimental media. The tissue cultures that 
served as "mother cultures" were selected for uniformity of 
size, color, and quality of growth. In these experiments, 
each pair of expiants from the "mother culture" was placed 
onto media of different treatments. This was not randomiza-
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Figure 1. Schematic presentation showing procedure used for 
concentrating and extracting four-day-old C. ulmi 
cultures that were incorporated into basic tissue 
medium for studies on the effects of culture 
filtrate and its fractions on tissue cultures 
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tion, but did prevent the possibility of one "mother culture" 
serving as the source of a large part of the total expiants 
for one treatment. There were 20 replications in each treat­
ment with U. americana and NL 390 tissues, and 15 replica­
tions in each treatment with NL 496. 
After approximately six weeks of incubation, the cultures 
were harvested, and the wet weights determined. These data 
were analyzed by analysis of variance, and orthogonal compari­
sons made between individual treatments (Snedecor and Cochran, 
1967; Chamberlain and Jowett, I968). Probability statements 
of treatment effects were made from the calculated P values. 
The following are a summary of the treatments and coding 
used for tabular and graphic presentation of the data in 
this study: 
Cg - The basic tissue medium with the addition of 25% 
(v/v) basic tissue medium 
Cg - The basic tissue medium with the addition of 25% 
(v/v) basic fungus medium 
T^ - The basic tissue medium with the addition of 25% 
(v/v) culture filtrate 
- The basic tissue medium with the addition of 25% 
(v/v) ethanol insoluble fraction of the culture 
filtrate 
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A - The basic tissue medium with the addition of 25% 
s 
(v/v) ethanol soluble fraction of the culture 
filtrate 
- The basic tissue medium with the addition of 25% 
(v/v) ether insoluble fraction of the ethanol 
soluble fraction of the culture filtrate 
Eg - The basic tissue medium with the addition of 25% 
(v/v) ether soluble fraction of the ethanol soluble 
fraction of the culture filtrate 
- The basic tissue medium with the addition of 25% 
(v/v) nondializable fraction of the ethanol soluble 
fraction of the culture" filtrate 
- The basic tissue medium with the addition of 25% 
(v/v) dializable fraction of the ethanol soluble 
fraction of the culture filtrate. 
Addition of culture filtrate and basic fungus medium to 
actively growing tissue cultures 
The culture filtrate, basic fungus medium, and basic 
tissue media were concentrated to one-sixth of their original 
volume and were sterilized by filtration as before. Actively 
growing, uniform appearing, three-week-old tissue cultures 
of the three elms were selected. Five ml of warm, 1% agar 
containing the experimental, sterilized material was pipetted 
onto the surface of the medium. The agar flowed around the 
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tissues and solidified. 
The five ml of agar added to the surface of the medium 
that was supporting these tissue cultures contained one con­
centration of basic tissue medium, and three concentrations of 
basic fungus medium and culture filtrate. The final concen­
trations of basic fungus medium and culture filtrate in the 
medium were 25%, 12.5%, and 6.3% (v/v). These concentrations 
of materials were used in an attempt to find a level at which 
culture filtrate would cause differential responses of the 
tissues and at what level the tissue cultures of the three 
elms would respond differently. There were six replications 
of each treatment in this study. 
Pour weeks later the tissues were harvested and wet 
weights determined. These data were analyzed by analysis 
of variance with orthogonal comparisons made between individual 
treatments. Probability statements of treatment effects were 
made from the calculated F values (Snedecor and Cochran, 
1967; Chamberlain and Jowett, I 9 6 8 ) .  
The following are a summary of the treatments and coding 
used for tabular and graphic presentation of data in this 
study; 
Cg - The addition of five ml of agar with basic 
tissue medium to equal 25% (v/v) 
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Cg - The addition of five ml of agar with basic fungus 
medium to equal 25% (v/v) 
- The addition of five ml of agar with basic fungus 
medium to equal 12.5% (v/v) 
- The addition of five ml of agar with basic fungus 
medium to equal 6.3% (v/v) 
T^ - The addition of five ml of agar with culture 
filtrate to equal 25% (v/v) 
Tg - The addition of five ml of agar with culture 
filtrate to equal 12.5% (v/v) 
Tg - The addition of five ml of agar with culture 
filtrate to equal 6.3% (v/v) 
Effects of Extracts of the Tissue Cultures on 
the Growth of Ç. ulmi in Liquid Culture 
Studies were initiated to observe the effects of the 
extracts of the tissue cultures that were grown in the 
presence of the culture filtrate and various fractions and 
dilutions of this filtrate on the growth of C. ulmi in 
liquid culture. Two types of extracts were used. 
Tissues grown on the media that contained 25% (v/v) culture 
filtrate and fractions of the filtrate were extracted with 
water. After the tissues were weighed, they were ground in a 
mortar and pestle in water. This suspension was filtered to 
remove the cellular debris and concentrated at 36° C under 
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vacuum until there was one ml of extract for each gram of 
tissue weight. This material was sterilized by filtration 
and stored at 4° C until used. 
Tissues grown for four weeks on media, to which was 
added five ml of agar containing one of three concentra­
tions of culture filtrate or basic fungus medium, were ex­
tracted in hot ethanol for two hours. This extract was 
vacuum evaporated at 36° C to remove the ethanol, and the 
residue redissolved in enough water so that there was one ml 
of the extract per gram of tissue weight. This extract also 
was sterilized by filtration and stored at 4° C until used. 
Both of these extracts were used in the same way in an 
attempt to study their effects on C_. ulmi. The fungus was 
grown on basic fungus medium in liquid culture from an agar 
plug of inoculum for 48 hours. Five ml of this fungus sus­
pension was added to five ml of the water or ethanol tissue 
extracts in 25-ml erlenmeyer flasks. Three 25-ml erlenmeyer 
flasks were used for each tissue extract. For a control 
five ml of the fungus suspension was added to five ml of 
basic fungus medium. These flasks were placed on the shaker 
and the fungus allowed to grow in the presence of these 
extracts for 48 hours. The components of the C. ulmi cultures 
were counted at this time with a Hemacytometer. 
There were three flasks in each treatment, but due to the 
difficulty and time required In counting with a Hemacytometer, 
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the three flasks were pooled into one. A sample was taken 
from this pooled material and components of the cultures 
counted. Five counts for each fungus component were made on 
each sample. These components were classed as spores, bud­
ding spores, germinating spores, and hyphae (Figures 31, 32 
and 33). These data were converted to logarithms because of 
the lack of uniformity of the variances and to percentages 
determine the proportion of each component of the culture. 
The logarithms and percentages of each component of the culture 
were used in the analysis of variances. Orthogonal compari­
sons were made between treatments, and interaction comparisons 
made between particular orthogonal comparisons and selections 
of elm tissue that served as the source of the extract. How­
ever, since the experimental unit in these studies was the 
tissue extract and not the counts, the counts could not be 
considered as replications. Therefore, the degrees of freedom 
religated to counts could not be considered as part of the 
error sums of squares. Instead the error used for the F test 
was composed of a portion of the interaction terms between 
selections of elm tissue and orthogonal comparisons. Prob­
ability statements of treatment effect were made based on 
the calculated P values (Snedecor and Cochran, 1967; Barr 
and Goodnight, 1971). 
The following are a summary of the treatments and coding 
used for tabular and graphical presentation of data in these 
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studies : 
- 5 ml of fungus suspension plus 5 ml of basic fungus 
medium, the control 
Cg - 5 ml of fungus suspension plus 5 ml of extracts of 
tissue grown on basic tissue medium 
Cg - 5 ml of fungus suspension plus 5 ml of extracts of 
tissues grown on media that contained 25% (v/v) 
basic fungus medium 
- 5 ml of fungus suspension plus 5 ml of extracts of 
tissues grown on media that contained 12.5% (v/v) 
basic fungus medium 
- 5 ml of fungus suspension plus 5 ml of extracts of 
tissues grown on media that contained 6.3% (v/v) 
basic fungus medium 
- 5 ml of fungus suspension plus 5 ml of extracts of 
tissues grown on media that contained 25% (v/v) 
culture filtrate 
Tg - 5 ml of fungus suspension plus 5 ml of extracts 
of tissue grown on media that contained 12.5% 
(v/v) culture filtrate 
Tg - 5 ml of fungus suspension plus 5 ml of extracts of 
tissues grown on media that contained 6.3% (v/v) 
culture filtrate 
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5 ml of fungus suspension plus 5 ml of extracts of 
tissues grown on media that contained 25% (v/v) 
ethanol insoluble fraction of the culture filtrate 
5 ml of fungus suspension plus 5 ml of extracts 
of tissues grown on media that contained 25% (v/v) 
ethanol soluble fraction of the culture filtrate 
5 ml of fungus suspension plus 5 ml of extracts 
of tissues grown on media that contained 25% (v/v) 
ether insoluble fraction of the ethanol soluble 
fraction of the culture filtrate 
5 ml of fungus suspension plus 5 ml of extracts of 
tissues grown on media that contained 25% (v/v) 
ether soluble fraction of the ethanol soluble 
fraction of the culture filtrate 
5 ml of fungus suspension plus 5 ml of extracts of 
tissues grown on media that contained 25% (v/v) 
nondializable fraction of the ethanol soluble 
fraction of the culture filtrate 
5 ml fungus suspension plus 5 ml of extracts of 
tissues grown on media that contained 25% (v/v) 
dializable fraction of the ethanol soluble fraction 
of the culture filtrate. 
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Suspension Cultures 
Initiation of suspension cultures 
Suspension cultures of U. americana, NL 390, and NL 496 
were initiated. Explants from tissue cultures growing vigor­
ously on solid media were placed into an altered liquid basic 
tissue medium. The liquid medium contained all components 
of the basic tissue medium (Table 2) with alterations that 
included: lAA at 1.0 mg/1; kinetin at 0.4 mg/1; and the 
addition of 10% coconut milk, or 500 mg/1 Casine Hydrolysate.• 
The expiants were placed into 100 ml of this medium in 250 ml 
erlenmeyer flasks, and shaken on a rotary shaker, rotating 
at about 105 revolutions/minute. 
The effects of basic fungus medium and culture filtrate oh the 
suspension cultures 
After growth for four to six weeks, the suspension 
cultures were exposed to basic fungus medium and culture 
filtrate. Ten ml of the tissue culture suspension was placed 
in a 50 ml flask that contained 20 ml of the normal suspension 
culture medium, or 10 ml of the normal suspension culture 
medium and 10 ml of basic fungus medium, or 10 ml of basic 
suspension culture medium and 10 ml of culture filtrate. In 
these studies the nonconcentrated experimental materials 
were sterilized by filtration. The cultures were exposed to 
these treatments for 24 hours, and the respiration rates 
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determined using a Warburg apparatus (Umbreit e^ al., 1964). 
In these experiments there were three flasks of tissue 
in each treatment, and for the respiration rate determina­
tions, these cultures were pooled and 3 ml samples taken 
from the pooled material for respiration studies. Respiration 
was measured for two hours and effects of treatments on res­
piration rates observed. 
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RESULTS AND DISCUSSION 
Establishment of Tissue Cultures 
After stems were placed on media in petri dishes daily 
observations were made. Commonly within 10-12 days very 
white, glistening callus growth became evident in the cambial 
area on the stem sections. Usually within three weeks the 
callus growth could be transferred to basic tissue medium 
or coconut milk enriched medium in bottles. In the early 
initiation attempts, small shoots commonly appeared on the 
stem sections in the area of callusing, but in later at­
tempts these shoots were entirely lacking. Occasionally 
the pith would proliferate, but this was quite rare. The 
size of the callus growth on stem sections appeared to be 
important, with the larger more vigorous callus growth more 
likely to survive after removal from stem sections. Earlier 
work had shown elm cambium proliferated well on media without 
the addition of vitamins as an enrichment (Jacquoit, 195Q). 
In this study the cambial area of stems proliferated on all 
media used, but was slower and smaller when the stem sections 
were on 1% water agar than when the stem sections were on the 
basic tissue medium or coconut milk enriched medium. Coconut 
milk enriched medium proved superior for tissue culture 
initiation. 
A high percentage, 75-85%, of stem sections became 
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contaminated, usually by fungi, within 10-12 days. The 
contamination that was present on stem sections that were 
placed on 1% water agar usually was not as serious a problem 
as the contamination on stem sections that were placed on 
basic tissue medium or coconut milk enriched medium. The' 
contamination grew very slowly on water agar medium, and al­
though cambial proliferation was slow, commonly the callused 
area could be transferred contaminant free. Occasionally 
fungal and bacterial contamination would occur during routine 
transferring and usually these contaminants quickly covered 
and killed the tissue. However, in early work with Ulmus 
americana tissue cultures, a yellow bacterium appeared in 
some cultures that did not appear to effect growth of the 
tissues. Antibiotics were incorporated into the basic tissue 
medium in an unsuccessful attempt to inhibit bacterial growth 
and allow for contaminant free tissue growth. Routinely, 
all tissues that were subcultured were contaminant free. 
General Observations of Tissue 
Quality and color of tissues 
Tissue cultures have been commonly referred to as being 
friable or firm, soft or solid respectively. In the three 
elms successfully cultured in 1969, (Table 1), NL P275 tissues 
were quite firm, and tissue of U. americana and NL 390 were 
quite soft and friable. In the elms successfully cultured 
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in 1971, tissues of U. pumila, NL 296, and NL 1 were friable, 
tissues of NL 49, NL 202, and NL 496 firm and tissues of NL 
494 very firm. In fact, tissues of .m, 494 were so firm that 
cutting the "mother culture" into exp.lants was very difficult. 
NL P275 and NL 494 produced roots that occasionally 
grew to several inches in length in the medium after they 
were initially established in tissue culture. Cultures of 
other elms produced roots only sporatically or not at all. 
After numerous subcultures however, both NL P275 and NL 494 
tissues have stopped producing roots. This phenomena also 
was observed in U. campestris L. tissue cultures (Jacquoit, 
1955). Besides losing its ability to produce roots, NL 494 
has changed after numerous transfers from a firm to a friable 
tissue. This change occurred slowly, possibly because of 
selection for more friable tissue during transferring. 
Healthy, rapidly growing tissue cultures were generally 
tan to white in color (Figure 2). The color varied with the 
selection of elm, and the quality of growth. The friable 
tissue was commonly tan to a slight off-white, and the firm 
tissue, white. Some cultures had both friable and firm areas 
and the colors of these areas corresponded. As the friable 
cultures aged they became dark brown to nearly black. This 
discoloration has been shown to be related to tannin accumu­
lation in maple tissue culture (Mathes, 1967), but whether 
this discoloration in elm tissue cultures was due to tannins 
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Is not known. However, these discolored areas were scenes-
cent, and if used as a source of expiants, no new growth 
occurred. In fact, the rapid formation of this discoloration 
made the timing of transferring of friable growing selections 
of U. pumila. NL 1, and NL 296 very critical. The tissues 
which were firm generally discolored more slowly, and could 
be used successfully as expiants after friable cultures had 
become darkly discolored. Generally when tissues were active­
ly growing, the whole culture appeared very uniform in color 
and quality of growth. 
Microscopic observations 
Generally the cells of mature tissue cultures were large 
and vacuolate (Figures 3» 4, and 5). Occasionally within 
areas that contained large vacuolate cells were areas that 
contained small cells filled with densely staining cytoplasm 
(Figure 5). Their function and importance in the tissue is 
not known, and no histological studies were conducted con­
cerning these areas. 
Vascular elements were found in the tissue cultures 
(Figures 6 and 7)« These elements were found scattered 
throughout tissue, but commonly within areas that appeared to 
correspond to nodules as described by other workers (Steward 
e^ a2., 1958; Wetmore and Rier, 1963). These areas contained 
from one to many vessel elements that could be easily observed 
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using polarized light (Figure 7). Commonly around the nodules 
that contained vascular elements were small, rectangular, thin 
walled cells (Figure 6) that appeared to correspond to what 
other workers have referred to as cambial areas (Steward 
et al., 1958; Wetmore and Rier, 1963). But, no cytological 
studies were made on these areas, and nothing was observed 
in these tissues to suggest that these cells behaved as 
cambial cells. Areas that contained vessels were found in 
both the friable and firm tissues, but were more common in 
firm tissues. There was no evidence of buds or roots on 
those tissues in which vascular differentiation was observed. 
Cells were observed to contain material that stained 
intensively with safranin (Figures 3 and 4). Some cells con­
tained only small amounts of this material, while other cells 
appeared to be nearly filled. In the drawing showing tissue 
culture morphology in the original report of successful elm 
culture, some cells appeared to be filled with similar 
material (Gautheret, 1934). Workers have suggested that this 
type of material that accumulates in cells in tissue culture 
is tannin. Tannin containing cells in Sequoia tissue cultures 
have been shown to accumulate radioisotopes at equal rates to 
nontannin containing cells (Ball, 1950, 1953) but have been 
shown to divide at a slower rate. Cells of slash pine tissue 
cultures completely filled with tannins appeared to have 
lost their cytoplasmic integrity, while the cytoplasm in 
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cells with lesser amounts of tannins appeared to be viable. 
Cells containing tannins were shown to respire more slowly 
than nontannin containing cells. The increase in tannins 
in cells in slash pine tissue cultures correlated with de­
creases in respiration rate, and losses of cytoplasm integ­
rity led these workers to conclude that the cells of slash 
pine filled with tannins were dead (Hall e^ al.^ 1972). The 
appearance of cells in the elm tissues that stained intensive­
ly with safranin in this study suggested that this accumu­
lated material was also tannin. If indeed the material was 
tannin, the presence of these tannin filled cells indicated 
that many of the cells in mature tissues may have had re­
duced metabolic activities. This reduction in metabolism 
could have adversely effected the growth of expiants made 
from these mature tissues. 
Starch grains were commonly observed in U. americana 
tissue cultures (Figures 8 and 9). Starch grains appeared 
as small circular areas within the cytoplasm and could be 
easily observed using polarized light. Starch grains were 
commonly observed in the xylem and ray parenchyma cells of 
U. americana (MacDonald, 1970; Jones, 1971). These data 
Indicated that in this regard, tissue cultures of U. americana 
and ray and xylem parenchyma cells of the intact plant 
possessed similar metabolic potentials. 
Figure 2. Typical six-week-old U. americana tissue culture 
in a six-ounce square flint bottle 
Figure 3. Area of mature NL 494 tissue culture showing 
presence of cells that stained intensively with 
safranin scattered throughout the tissue (vc= 
vacuolate cells ; ds=densely staining cells, line 
scale equals 50y) 
Figure 4. Area of mature NL 390 tissue culture showing 
presence of cells that stained intensively with 
safranin scattered throughout the tissue (vc= 
vacuolate cells, ds =densely staining cells, line 
scale equals lOOy) 
Figure 5- Mature NL 390 tissue culture showing an area with 
small cells that do not appear to be as vacuolate 
as all surrounding cells (vc=vacuolate cells, 
line scale equals lOOy) 
Figure 6. Mature NL 496 tissue culture showing an area that 
contained vascular elements surrounded by an area 
of small rectangular cells (c=cambial area; x= 
xylem element, line scale equals lOOy) 
Figure 7 .  Same material as Figure 6  but photographed with 
polarized light to show vascular elements more 
clearly (x=xylem element, line scale equals 
100%) 
Figure 8. Mature U. amerlcana tissue culture showing small 
structures in cytoplasm (st=starch grains, line 
scale equals 50u) 
Figure 9 .  Same material as Figure 8 but photographed with 
polarized light to show the presence of starch 
grains that correspond to the small structures 
observed in the cytoplasm of Figure 8 (st=starch 
grains, line scale equals 50y) 
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Growth Studies on Tissue 
Cultures 
Effects of six levels of coconut ^Ik and initial pH on 
subjective growth evaluations of NL 390, NL 494, NL 202, 
NL 296, and NL 496 tissue cultures 
NL 390 tissues achieved maximum growth (Tables 4, 4l) on 
media that contained 15% to 20% coconut milk. Although growth 
was still at a maximum on media that contained 25% coconut 
milk at initial pHs of 6.0 and 6.5. The initial pHs of the 
media had differing effects on growth as the concentration 
of coconut milk changed. Growth was reduced on media that 
contained 0^ coconut milk and had initial pHs of 4.5 and 
6.0 to 7.0. Growth was best on medium that contained 5% 
coconut milk and had an initial pH of 4.5, where as initial 
pH had little effect on growth of tissues on medium that con­
tained 20% coconut milk. 
Table 4. Subjective growth evaluations of NL 390 tissue 
cultures grown on media with six levels of 
coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 2.0& 4.2 4.8 4.8 5.0 4.5 
5.0 2.8 3.3 4.4 4.8 5.0 4.1 
5.5 2.4 3.9 4.0 4.2 5.0 4.5 
6.0 2.0 2.7 4.1 4.8 5.0 5.0 
6.5 1.5 3.1 4.6 5.0 5.0 5.0 
7.0 1.0 2.5 4.0 5.0 4.8 4.6 
^0 - poor growth, 5 = excellent growth. 
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NL 494 tissues did not appear to have reached their 
growth maximum on medium that contained 25% coconut milk 
(Tables 5, 42). The effect of initial pH of the media had 
little effect on growth on media that contained 0%, 5%y and 
10? coconut milk, but the extremes of initial pH appeared 
to reduce the growth on media that contained 15% and 25% 
coconut milk. 
Table 5. Subjective growth evaluations of NL 494 grown on 
media with six levels of coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 2 5  
4.5 2.1% 3.9 3.8 3.2 3.0 2.8 
5.0 1.9 3.6 3.8 3.5 4.0 4.3 
5.5 2.1 3.5 3.9 4.0 4.0 4.5 
6.0 2.3 3.0 3.6 3.8 3.3 4.3 
6.5 2.3 3.3 3.7 3.8 4.3 4.2 
7.0 2.3 3.5 3.8 3.1 3.5 3.6 
^0 = poor growth, 5 = excellent growth. 
Growth of NL 202 tissues (Tables 6, 43) reached a maxi­
mum on media that contained 15% coconut milk. The effect of 
the initial pH of the medium on growth changed as the concen­
tration of coconut milk changed. Initial pHs of 6.0 and 6 . 5  
appeared to favor growth on the medium that contained 0% 
coconut milk but growth was strongly inhibited on medium 
that had initial pHs of 6.0 and 6.5 and contained 5% coconut 
milk. Media that contained 15% and 20% coconut milk and had 
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initial pHs of 5.5 and 6.0 produced tissues with the best 
growth. 
Table 6. Subjective growth evaluations of NL 202 tissue 
cultures grown on media with six levels of 
coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 2.0^ 2.3 3.5 3.0 2.3 2.6 
5.0 2.1 2.7 3.0 2.8 2.3 2 . 8  
5.5 2.0 3.0 - 2.5 3.8 2.9 3.1 
6.0 2.8 1.9 2.6 3.4 3.4 2.5 
6.5 2.6 1.3 2 . 8  2.4 2.6 2.8 
7.0 2.0 1.3 2.5 2.9 3.1 2 . 8  
^0 = poor growth, 5 = excellent growth. 
There was almost no growth of NL 296 tissues (Tables 7> 
44) on media that contained 0% coconut milk, and good growth 
on media that contained 25% coconut milk. NL 296 tissues 
grew very poorly on media that contained 0% coconut milk and 
had initial pHs of 6.0, 6.5, and 7.0. There appeared to be 
some decrease in growth on media that contained 20% coconut 
milk and had initial pHs of 6.0, 6.5, and 7-0 compared to 
growth on media that contained 15% and 25% coconut milk and 
had the same initial pHs. Media that contained 25% coconut 
milk and had an initial pH of 7.0 supported as good tissue 
growth as media that had an initial pH of 5.5. 
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Table 7- Subjective growth evaluations of NL 296 tissue 
cultures grown on media with six levels of 
coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 1.0& 1.9 2.6 2.5 2.7 1.7 
5.0 1.0 2.0 2.6 3.6 3.6 4.0 
5.5 1.0 2.1 3.1 2 . 8  3.3 4.3 
6.0 0.0 2.3 2.3 3.1 2.5 3.0 
6.5 0.0 2.5 1.8 3.5 2.1 3.5 
7.0 0.0 1.0 1.6 3.1 2.5 4.3 
^0 = poor growth, 5 = excellent growth. 
The presence of coconut milk in the medium increased the 
growth of NL ^96 tissues (Tables 8, 45). There was differ­
ing effects of initial pH on growth as the concentration 
of coconut milk changed. Media that contained 5% coconut 
milk and had initial pHs of 6.0, 6.5, and 7.0 reduced growth, 
but media that contained 20% and 25% coconut milk generally 
enhanced tissue growth especially at initial pHs of 6.5 and 
7.0. The best growth occurred on medium that contained 10% 
coconut milk and had an initial pH of 4.5, where as the 
best growth on media that contained 15% coconut milk occurred 
at an initial pH of 5 . 5 .  
These data indicated that addition of coconut milk to 
the basic tissue medium enhanced the growth as determined by 
subjective evaluations of all of these tissues. The initial 
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Table 8. Subjective growth evaluations of NL 496 tissue 
cultures grown on media with six levels coconut 
milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 2.4& 2.5 4.1 3.0 2.4 2.1 
5.0 2.7 2.9 2.0 2.3 3.0 4.0 
5.5 2.5 2.4 2.6 4.1 3.2 3.2 
6.0 2.4 2.2 2.7 3.9 3.6 3.2 
6.5 3.0 1.5 2.1 3.3 5.0 4.0 
7.0 2.8 2.1 2.6 2.9 3.9 4.0 
^0 = poor growth, 5 = excellent growth. 
pH of the media also had some effect on growth, but the 
effect of the initial pH changed as the concentration of 
coconut milk in the medium changed. 
Effects of six levels of coconut milk and initial pH on sub­
jective color evaluations of NL 390, NL 494, NL 202, NL 296, 
and NL 496 tissue cultures 
Subjective color evaluations of NL 390 tissues were 
variable, but the best tissue color occurred on media that 
contained 10% coconut milk (Tables 9, 46). The initial pH 
of the media appeared to have differing effects on tissue 
color qualities as the concentration of coconut milk in the 
media changed. The medium that contained 0% coconut milk and 
had initial pHs of 5.0 to 6.5 produced tissues with the highest 
color ratings, where as the color rating of tissues grown on 
media that contained 20^ and 25% coconut milk and had initial 
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pHs of 5'0 to 6.0 were lower. 
Table 9- Subjective color evaluations of NL 390 tissue 
cultures grown on media with six levels of 
coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 4.9^ 5.0 5.0 5.0 4.0 4.8 
5.0 5.0 5.0 5.0 4.8 4.5 4.7 
5.5 5.0 5.0 5.0 4.5 4.2 4.4 
6.0 5.0 5.0 5.0 5.0 4.0 4.5 
6.5 5.0 4.8 5.0 4.0 4.5 5.0 
7.0 4.6 4.8 4.5 4.0 4.2 4.9 
^0 = dark colored, 5 = white. 
Media that contained 5% coconut milk produced NL 494 
tissues with lower color quality than the media that contained 
0% coconut milk (Tables 10, 47). As the concentration of 
coconut milk in the medium increased to 25% tissues with im­
proved color qualities were produced. However, the color 
quality of tissues grown on the medium that contained 0% 
coconut milk was generally superior to color quality of 
tissues grown on all media that contained coconut milk. 
Extremes in initial pHs of media that contained 0% and 15% 
coconut milk seemed to enhance tissue color quality, where 
as extremes of initial pH in the medium that contained 25% 
coconut milk, reduced tissue color quality. However, initial 
pH of 7.0 of the medium that contained 5% coconut milk, was 
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superior for production of tissues with good color quality, 
and the initial pH of media that contained 10% and 20% 
coconut milk had very little effect on color quality. 
Table 10. Subjective color evaluations of NL 494 grown on 
media with six levels of coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 4.4% 2.0 2.8 3.7 3.6 3.4 
5.0 4.1 2.0 2.6 2.6 3.1 3.3 
5.5 3.9 2.4 3.0 2.8 3.5 4.0 
6.0 4.3 2.4 2.8 2.7 3.3 3.5 
6.5 4.1 2.5 2.5 2.9 2.8 2.9 
7.0 4.7 2.8 2.6 3.8 3.2 2.3 
' ^0 = dark colored, 5 = white 
Color evaluations of NL 202 tissues were quite variable 
but media that contained 5% coconut milk produced tissues 
with lower color qualities than media that contained 0% 
coconut milk (Tables 11, 48). As the concentration of 
coconut milk in the medium increased from 5% to 25% tissues 
were produced with generally improved color. However, the 
color quality was variable with increases or decreases in color 
quality of tissues produced between adjacent coconut milk 
concentrations. Tissues that had grown on media that had an 
initial pH of 6.0 showed this type of response. Media that 
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contained 5% and 10% coconut milk produced tissues with 
lower color qualities and color qualities tended to improve 
to the higher levels as the amount of coconut milk in the 
media increased to 25%. 
Table 11. Subjective color evaluations of NL 202 tissue 
cultures grown on media with six levels of 
coconut milk on pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 3.2^ 3.4 3.4 3.2 4.1 4.0 
5.0 2.5 2.4 2.0 3.4 4.4 4.8 
5.5 2 . 8  2.3 2.0 3.0 3.8 4.0 
6.0 2.8 1.8 3.0 3.9 3.1 4.5 
6.5 2.3 1.3 2.3 2.5 4.2 3.7 
7.0 2.0 1.0 2.6 3.3 3.8 2.4 
^0 = dark colored, 5 = white. 
The general trend of color quality of NL 296 tissues 
showed an improvement of color as the concentration of coconut 
milk in the medium upon which they had grown increased 
(Tables 12, 49). Media that had initial pHs of 6.0, 6.5, 
and 7.0, and contained 0% coconut milk produced dark colored 
tissues, where as the media that had initial pHs of 6.5 and 
7.0 and contained 25% coconut milk produced good colored 
tissues. Initial pH of 4.5 of media that contained 0%, 
10%, 15%, 20%, and 25% coconut milk produced tissues with 
the best color quality on the media at each of these levels 
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Table 12. Subjective color evaluations of NL 296 tissue 
cultures grown on media with six levels of 
coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 2 5  
4.5 1.4% 1.0 3.2 4.0 4.6 4.9 
5.0 1.1 1.2 3.0 3.4 4.0 4.1 
5.5 1.1 2.0 3.0 2.7 3.8 3.5 
6.0 0.0 1.9 2.3 3.2 3.4 3.4 
6.5 0.0 3.1 1.2 3.8 3.1 4.0 
7.0 0.0 1.0 1.8 2.5 3.0 4.0 
^0 = dark colored, 5 = white. 
of coconut milk. 
The color quality of NL U96 tissues that were grown on 
media that contained 5% and 10% coconut milk was generally 
reduced compared to color quality of tissues produced on 
medium that contained 0% coconut milk (Tables 13, 50). The 
effect of initial pH of media was different at the various 
concentrations of coconut milk in the medium. Media that 
contained 2 0 %  coconut milk and had initial pHs of 4.5, 5 . 5 ,  
and 6.0 produced tissues with poorer color qualities than 
media that contained 15% and 25% coconut milk and the same 
initial pHs. The color quality of tissues grown on media 
that had an initial pH of 5 « 0 became poorer as the coconut 
milk concentration in the medium increased from 0% to 10%, 
and then improved as the concentration of coconut milk in­
creased from 1 5 %  to 2 5 % .  
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Table 13. Subjective color evaluations of NL ^96 tissue 
cultures grown on media with six levels of 
coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 2.6& 2.0 3.7 3.0 2.0 4.0 
5.0 4.0 2.6 1.9 2.2 3.7 4.0 
5.5 3.3 2.2 2.4 4.0 3.2 4.0 
6.0 3.4 2.2 2.5 4.0 2.8 4.0 
6.5 3.0 1.3 2.0 3.2 4.0 5.0 
7.0 2.8 2.0 2.3 2.9 3.3 5.0 
^0 = dark colored, 5 = white. 
These data indicate that the color quality of the tissues 
was affected by the addition of coconut milk to the basic 
tissue medium. However, the effect was not always an improve­
ment, as was noted with subjective growth evaluations. The 
initial pH of the medium had different effects on the color 
quality of tissues as the amount of coconut milk in the 
medium changed. 
Effects of six levels of coconut milk and initial pH on wet 
weights of NL 390, NL 494, NL 202. NL 296, and NL 496 tissue 
cultures 
Wet weights of NL 390 tissues were increased on media 
that contained coconut milk (Figure 10; Tables l4, 51), and 
the medium that contained 20% coconut milk produced tissues 
that had the greatest wet weights. The initial pH of the media 
appeared to effect the wet weights differently at each coconut 
Figure 10. Effects of six levels of coconut milk and initial pH on wet weights 









milk level. The media that contained 0% coconut milk and 
had initial pHs of 4.5 and 6.0 to 7.0 produced tissues that 
had the least wet weights,but the media that contained 5? 
coconut milk and had an initial pH of 4.5 produced tissues 
that had the greatest wet weights. The media that contained 
15% coconut milk and had an initial pH of 7-0 produced tissues 
that had the greatest wet weights, where as the media that 
contained 25% coconut milk and had initial pHs of 4.5 and 
7.0 produced tissues that had the lowest wet weights. 
Table 14. Grams wet weight of NL 390 tissue cultures grown 






15 20 25 
4.5 3.45 14.90 19.92 21.21 26.28 16.23 
5.0 5.03 8.84 16.02 16.64 24.80 18.04 
5.5 5.19 12.19 12.89 12.61 23.64 20.40 
6.0 2.37 6.18 10.77 16.40 24.57 24.24 
6.5 2.57 7.38 12.00 24.19 23.00 22.92 
7.0 1.28 5.50 10.92 26.28 23.44 17.38 
Wet weights of NL 494 tissues were generally increased 
on media that contained increased amounts of coconut milk 
(Tables 15, 52). The initial pH of the media seemed to 
effect wet weights of the tissues differently as the coconut 
milk concentration changed. This was especially evident by 
the lower wet weights of tissues produced on media that 
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contained Of and 5% coconut milk that had initial pHs of 
5.5, 6.0, and 6.5 cocroared to wet weights of tissues produced 
on media that contained 15%, 20%, and 25% coconut milk at the 
same initial pHs. 
Table 15. Grams wet weight of îîL 494 tissue cultures grown 
on media with six levels of coconut milk and pH 
Initial Percentage i Coconut Milk 
pE 0 5 10 15 20 2 5  
4.5 4.33 16.12 16.93 17.47 12.94 13.93 
5.0 3.19 13.58 14.97 16.94 1 7 . 8 8  19.57 
5.5 2.68 9.76 15.51 1 8 . 5 2  18.05 21.11 
6.0 3.68 7.92 15.56 1 9 . 1 8  1 1 . 6 0  19.38 
6.5 2.96 8.73 15.83 14.73 20.84 17.81 
7.0 3.08 10.51 17.13 8.94 16.50 13.52 
The presence of coconut Tn-nv in the medium affected wet 
weights of NL 202 tissues, but there did not seem to be a 
strong enhancement of growth on media that contained coconut 
milk as determined by wet weights (Tables 16, 53). The ef­
fect of initial pH of the media differed as the coconut milk 
concentration in the medium changed. The medium that con­
tained 5? coconut milk and had .initial pHs of 6.0, 6.5, and 
7.0 produced tissues with low wet weights and the lower levels 
of initial pH seemed to enhance growth on media that contained 
5? and 10% coconut milk. But, as the concentration of coconut 
milk in the medium increased, more intermediate initial pHs 
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of media seemed to favor production of tissues with greater 
wet weights. 
Table 16. Grams wet weight of NL 202 tissue cultures grown 
on media with six levels of coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 3.03 4.08 5.45 4.47 2.51 4.31 
5.0 2.91 4.20 4.50 3.71 2.45 3.89 
5.5 3.46 3.90 4.18 7.13 4.03 4.91 
6.0 4.24 2.18 4.03 5.59 4.97 4.84 
6.5 3.60 0.93 3.37 2.57 5.19 3.87 
7.0 2.26 0.94 2.96 3.27 4.15 3.19 
Wet weights of NL 296 tissues were variable, but there 
appeared to be a general trend toward greater wet weights 
of tissue • as the coconut milk concentrations increased from 
5% to 25%. This was especially evident on media that had an 
initial pH of 5-5 (Tables 17, 54). The variation present 
in this study was especially evident on media that contained 
20% coconut milk. Media that contained 20% coconut milk and 
had initial pHs of 5-0, 6.0, 6.5, and 7.0 produced tissues 
with lower wet weights than media that contained either 15% 
or 25% coconut milk at the same initial pHs. 
Media that contained 5% coconut milk and had initial 
pHs of 5.5, 6.0, 6.5, and 7-0 produced tissues of NL H96 
with lower wet weights than media that contained 0% coconut 
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Table 17. Grams wet weight of NL 296 tissue cultures grown 
on media with six levels of coconut milk and pH 
Initial 
pH 
Percentage Coconut Milk 
5 10 15 20 25 
^.5 1.92 3.17 6.41 8.45 7.08 2.35 
5.0 1.59 4.56 6.31 12.19 9.00 13.18 
5.5 1.65 5.87 9.41 9.11 10.01 16.68 
6.0 0.70 6.26 6.02 9.51 4.89 7.18 
6.5 0.48 6.66 2.33 15.38 2.78 9.86 
7.0 0.49 1.70 2.70 11.84 6.98 15.02 
milk at these initial pHs (Figure 11, Tables I8, 55). As 
the concentration of coconut milk increased to 20%, tissues 
were produced with the greatest wet weights on media that 
had initial pHs of 5-5, 6.0, 6.5, and 7.0. Wet weights of 
tissues grown on media that had an initial pH of 5-0 were 
quite variable from one coconut milk concentration to 
another. 
Table iB. Grams wet weight of NL kSS tissue cultures grown 
on media with six levels of coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 7.76 8.69 16.76 10.75 10.33 10.35 
5.0 9.30 12.38 6.59 9.26 12.91 • 20.64 
5.5 9.90 6.73 7.90 17.75 18.96 18.32 
6.0 8.69 5.24 9.79 20.56 18.55 15.69 
6.5 7.20 2.68 7.35 10.21 22,68 23.39 
7.0 7.59 5.15 8.63 10.37 17.19 19.49 
Figure 11. Effects of six levels of coconut milk and initial pH on wet weights 









These data indicated that the addition of coconut milk 
generally increased wet weights of the tissues. The effect 
of initial pH was different in many cases as the concentration 
of coconut milk changed. Yet, these data indicated tre­
mendous variability of wet weights of tissues that did not 
appear to be related only to the presence of coconut milk 
in the medium or initial pH of the medium. 
Effects of six levels of coconut milk and initial pH on dry 
weights of NL 390, NL 494, NL 202, NL 296, and NL 496 tissue 
cultures 
Dry weights of NL 390 tissues reached a maximum on media 
that contained 20% to 25% coconut milk (Tables 19, 56). The 
effect of initial pH of the media on tissue dry weights changed 
as the concentrations of coconut milk in the media changed. 
The media that had initial pHs of 5.0 and contained 0% 
coconut milk produced tissues that had the greatest dry 
weights, but this initial pH effect at 5.0 was not observed 
in the media that contained 25% coconut milk. 
Table 19. Grams dry weight of NL 390 tissue cultures grown 
on media with six levels of coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 0.17 0.49 0.67 0.78 0.85 0.66 
5.0 0.25 0.32 0.59 0.66 0.91 0.71 
5.5 0.15 0.41 0.48 0.52 0.90 0.79 
6.0 0.12 0.27 0.45 0.68 0.84 0.98 
6.5 0.15 0.28 0.52 0.74 0.86 0.95 
7.0 0.12 0.28 0.47 0.84 0.82 0.76 
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Dry weight on NL 494 tissues generally Increased as the 
amount of coconut milk In the media increased (Tables 20, 
57). Initial pH did not appear to affect the dry weights 
directly, but the effect of initial pH of the media changed 
as the concentration of coconut milk changed. The media 
that contained 0% coconut milk and had an initial pH of 4.5 
produced tissues with the greatest dry weights, where as 
media that contained 20% and 25% coconut milk at the same 
initial pHs produced tissues with the least dry weights. The 
intermediate initial pHs of media that contained 20% and 
25% coconut milk produced tissues with the greater dry weights. 
Table 20. Grams dry weight of NL 494 tissue cultures grown 
on six levels of coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 0.36 0.71 0.78 0.86 0.68 0.68 
5.0 0.31 0.73 0.67 0.84 0.99 0.99 
5.5 0.25 0.60 0.75 0.85 0.92 1.07 
6.0 0.33 0.55 0.72 0.90 0.69 1.04 
6.5 0.26 0.58 0.73 0.78 1.05 1.05 
7.0 0.28 0.67 0.82 0.70 0.89 0.85 
There was a general Increase in dry weights of NL 202 
tissues as the percentage of coconut milk in the media reached 
15% (Tables 21, 58). There was a marked decrease in dry 
weights of tissues on media that contained 5% coconut milk at 
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initial plis of 6.0, 6.5, and 7-0 compared to the media that , 
contained 0% coconut milk at the same initial pHs. The lower 
initial pHs of media favored higher dry weights of the tissues 
on media that contained 5% and 10% coconut milk. When the 
media contained 15% coconut milk or more, intermediate Initial 
pHs favored increased tissue dry weight 
Table 21. Grams dry weight of NL 202 tissue culture grown 
on media with six levels of coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 0.23 0.22 0.29 0.30 0.17 0.32 
5.0 0.23 0.24 0.26 0.26 0.19 0.27 
5.5 0.24 0.23 0.25 0.39 0.27 0.33 
6.0 0.32 0.18 0.25 0.32 0.30 0.31 
6.5 0.30 0.11 0.23 0.17 0.33 0.30 
7.0 0.19 0.08 0.21 0.23 0.25 0.27 
Dry weights of NL 296 tissues showed a general trend of 
Increases as the concentration of coconut milk in the media 
increased (Tables 22, 59)- The effect of initial pH of the 
medium changed as the concentration of coconut milk in the 
medium changed. Media that contained 0% coconut milk and had 
initial pHs of 6.0, 6.5, and 7.0 produced tissues that had 
low dry weights. Media that contained 15% coconut milk and 
had the same initial pHs produced tissues with dry weights 
that were equal to or greater than the dry weights of tissues 
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grown on other media at this coconut milk level. Yet, the 
dry weights of the tissues grown on media that contained 20% 
coconut milk and had initial pHs of 6.0, 6.5, and 7.0 
that were much less than the tissues grown on media that 
contained either 15% or 25% coconut milk. 
Table 22. Grams dry weight of NL 296 tissue cultures grown 
on media with six levels of coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 0.14 0.23 0.44 0.56 0.54 0.20 
5.0 0.14 0.34 0.47 0.68 0.60 0.85 
5.5 0.13 0.42 0.63 0.59 0.65 0.97 
6.0 0.05 0.44 0.45 0.58 0.39 0.55 
6.5 0.05 0.39 0.20 0.77 0.24 0.78 
7.0 0.04 0.14 0.24 0.67 0.50 0.89 
Media that contained 5% coconut milk and had initial 
pHs of 6.0, 6.5, and 7.0 produced tissues of NL 496 with 
lower dry weights than those grown on media that contained 
10?, 15%, and 20% coconut milk at the same initial pHs 
(Tables 23, 60). Media that contained 10% coconut milk 
produced tissues with the greatest dry weights on media that 
had an initial pH of 4.5. As the concentration of coconut 
milk in the media increased, tissues were produced that had 
greater dry weights on media that had intermediate initial pHs. 
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Table 2 3 .  Grams dry weight of NL 496 tissue cultures grown 
on media with six levels of coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 0.45 0.46 0 . 6 5  0 . 6 1  0. 6 6  0 . 5 6  
5.0 0.46 0 . 5 8  0.45 0 . 5 1  0 . 6 9  0.74 
5.5 0.45 0.45 0.49 0 . 7 2  0 . 6 5  0 . 8 6  
6 . 0  0.42 0 . 3 8  0.57 0 . 8 6  0 . 9 1  0 . 8 0  
6.5 0.41 0 . 2 7  0.48 0.57 0 . 7 0  0 . 6 1  
7.0 0.44 0.41 0 . 5 2  0 . 6 3  0 . 5 8  0 . 3 2  
These data indicated that generally as the concentration 
of coconut milk increased in the medium, dry weights increased 
and the tissues reached the maximum dry weight at a coconut 
milk concentration of less than 25%. The effect of initial 
pH of the medium on dry weights changed as the concentration 
of coconut milk in the medium changed. There was a great 
deal of variability in the dry weights that could not be ex­
plained only by the changes in concentration of coconut 
milk in the medium or the initial pH of the medium. 
Effects of six levels of coconut milk and initial pH on per­
centage dry weight of NL 390, NL 494, NL 202, NL 296, and 
NL 496 tissue cultures' 
There was a general reduction in the percentage dry 
weight of NL 390 tissues grown on media that contained in­
creasing concentrations ofvcoconut milk up to 20% (Tables 
24, 61). Media that contained 0% coconut milk and had an 
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initial pH of 7-0 produced tissues with greater percentage dry 
weight than media that contained 20% coconut milk and had the 
same initial pH. These types of changes in percentage dry 
weight indicated the effect of initial pH was not the same 
at all concentrations of coconut milk. These data also indi­
cated that as tissues increased in size, as determined by 
subjective growth evaluations and wet or dry weights, the 
percentage dry weight decreased. 
Table 24. Percentage dry weight of NL 390 tissue cultures 
grown on media with six levels of coconut milk 
and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 2 5  
4.5 4.9 3.4 3.4 3.8 3.2 4.3 
5.0 4.9 3.6 3.7 4.1 3.7 4.3 
5.5 4.8 3.4 3.9 4.7 3.8 4.2 
6.0 5.2 4.7 4.3 4.4 3.4 4.1 
6.5 6.3 3.9 4.6 3.1 3.7 4.1 
7.0 9.2 5.3 4.5 3.2 3.5 4.5 
There was a sharp decrease in percentage dry weight of 
NL 494 tissues grown on media that contained 5% and 10% 
coconut milk compared to tissues grown on media that con­
tained 0% coconut milk (Tables 25, 62). Percentage dry 
weight of tissues showed a slight increase as the percentage 
of coconut milk present in media increased above these lower 
levels, but the percentage never reached that achieved by 
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tissues grown on medium that contained 0% coconut milk. The 
initial pH of the media had little effect on percentage dry 
weight of tissues produced on media that contained 0% 
coconut milk, but percentage dry weight seemed to be higher 
on all media that caused reduced subjective growth evalua­
tions or reduced wet weights of tissues. 
Table 25. Percentage dry weight of NL 494 tissue cultures 
grown on media with six levels of coconut milk 
and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 8.2 4.4 4.8 5.0 7.3 7.8 
5.0 9.9 5.6 4.7 5.1 5.6 5.1 
5.5 9.2 6.3 5.0 4.6 5.1 5.1 
6.0 9.0 7.3 4.7 4.7 6.5 5.4 
6.5 8.6 7.0 4.7 5.6 5.1 6.0 
7.0 9.0 6.5 4.7 8.1 5.5 6.3 
Percentage dry weight of NL 202 tissues generally showed 
a slight decrease as the coconut milk content of the media 
that produced the tissues reached 20% (Tables 26, 63). The 
percentage dry weight was reduced on the media that favored 
the production of tissue that had greater wet weights 
and greater subjective growth evaluations (Tables 26, 76). 
This was especially evident on media that contained 5% 
coconut milk and had an initial pH of 6.5* The tissues 
grown on this medium had the least wet weight and the highest 
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Table 26. Percentage dry weight of NL 202 tissue cultures 
grown on media with six levels of coconut milk 
and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 2 5  
4.5 7.7 5.7 5.3 6.8 6.9 7.8 
5.0 8.2 6.0 5.9 7.1 8.1 7.1 
5.5 7.2 6.1 6.1 5.7 6.7 6.8 
6.0 7.5 8.3 6.7 6.0 6.2 7.0 
6.5 8.3 11.2 7.1 7.4 6.5 7.8 
7.0 8.4 8.2 7.3 7.1 6.3 8.8 
percentage dry weight. 
Media that contained 15% coconut milk produced tissues 
of NL 296 that had the lowest percentage dry weight. The 
percentage dry weight decreased as the subjective growth 
rate evaluations or wet weights increased CTables. 27, 
64). Effects of the initial pH of the media on the percentage 
dry weight changed as the concentration of coconut milk 
changed. Percentage dry weight of tissues were very similar 
on all media that had an initial pH of 4.5 except on media 
that contained 15% and 25% coconut milk where percentages 
were reduced and increased respectively. Percentage dry 
weight of tissues grown on media that contained 0% coconut 
milk and had an initial pH of 6.5 was much greater than on any 
of the coconut milk media that had an initial pH of 6 . 5 .  
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Table 2?. Percentage dry weight of NL 296 tissue cultures 







15 20 25 
4.5 7.4 7.3 7.1 6.7 7.7 8.7 
5.0 8.9 7.9 ,.7.7 6.2 6.7 6.7 
5.5 7.5 7.8 7.0 6.6 6.7 5.9 
6.0 8.3 7.1 7.5 6.3 8.3 7.8 
6.5 11.0 7.0 8.3 5.2 8.5 8.4 
7.0 8.7 9.0 8.8 5.8 7.6 6.5 
The percentage dry weight of NL 496 tissues also was 
affected by the presence of coconut milk in the media (Tables 
28, 65). The poorest growing tissue, as determined by sub­
jective growth evaluations or by wet weights, had high­
er percentage dry weights. Initial pHs did not directly 
effect the-percentage dry weight of tissues, but the effect 
of the initial pHs did not appear to be the same at each 
coconut milk concentration. The initial pH of the media 
had little effect on percentage dry weight of tissues grown 
on media that contained 0% coconut milk, whereas a general 
reduction in percentage dry weight occurred on media that 
contained 253» coconut milk as the initial pH increased from 
4.5 to 7.0. Much the opposite effect was observed on the 
media that contained 5% coconut milk. 
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Table 28. Percentage dry weight of NL 496 tissue cultures 
grown on media with six levels of coconut milk 
and pH 
Initial 







4.5 5.9 5.6 3.9 6.0 6.8 6.9 
5.0 5.1 4.8 6.9 6.0 5.3 3.8 
5.5 4.7 6.6 6.4 4.2 4.0 4.7 
6.0 5.1 7.4 5.9 4.2 5.0 5.1 
6.5 5.8 10.4 6.6 5.7 3.2 2.7 
7.0 5.9 8.1 6.1 6.1 4.2 2.2 
These data indicated that the percentage dry weight 
appeared to decrease as the other criteria used to evaluate 
growth increased, and generally the presence of coconut milk 
in the medium caused a reduction in the percentage dry 
weight of the tissues (Tables 75-80). 
Effects of six levels of coconut milk and initial pH on the 
final pH of media upon which NL 202, NL 296, and NL 496 
had grown for six weeks 
There was little affect of initial pH on final pH of 
media that contained 0% coconut milk upon which tissues NL 
202 tissues had grown for six weeks (Tables 29, 66). But, 
generally as the percentage of coconut milk in the media in­
creased, initial pK did have some effect on the final pH of 
the media. The final pH increased as the initial pH in­
creased at particular coconut milk concentrations. This was 
especially evident in the media that contained 10%, 15%, 20%, 
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and 25% coconut milk. The final pH of the media that con­
tained 5% coconut milk did not appear to fit these general 
trends. The final pH of the media that NL 296 tissues had 
grown upon for six weeks (Tables 30, 67) appeared to be only 
slightly effected by the initial pHs of media that contained 
0% coconut milk. But, as the concentration of coconut 
milk increased, the final pH of the media generally increased. 
The media that contained 20% coconut milk had final pHs 
ranging from low to high paralleling the initial pHs. There 
also appeared to be little effect of the initial pH on the 
final pH of the media that contained 0% coconut milk upon 
which NL 496 tissues had grown for six weeks (Tables 31, 68). 
There was evidence of variable final pHs of media that con­
tained coconut milk. 
Table 29. Final media pH after NL 202 tissue cultures 
growth; the media representing initially six 
levels of coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 2 5  
4.5 5.1 5.0 5.0 5.0 5.0 5.1 
5.0 5.1 4.9 5.3 5.3 5.2 5.3 
5.5 5.1 5.2 5.4 5.5 5.5 5.5 
6.0 5.1 5.2 5.4 5.7 5.7 5.9 
6.5 5.1 6.3 5.4 5.9 5.9 6.0 
7.0 5.1 6.5 5.7 6.0 6.1 6.2 
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Table 30. Final media pH after NL 296 tissue cultures 
growth; the media representing initially six 
levels of coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 4.5 4.2 4.9 4.8 5.0 5.9 
5.0 4.5 4.4 4.8 4.8 5.2 5.6 
5.5 4.5 4.5 4.7 4.7 5.2 5.7 
6.0 4.4 4.5 4.7 4.9 5.3 5.3 
6.5 4.6 4.7 4.7 5.0 5.3 5.8 
7.0 4.9 4.8 4.7 4.8 5.6 6.2 
Table 31. Final pH of media that NL 496 tissue cultures had 
grown, the media with six levels of coconut milk 
and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 5.1 5.2 5.5 5.2 5.1 5.5 
5.0 5.3 5.2 5.3 5.4 5.2 5.6 
5.5 5.3 4.9 5.1 5.6 5.7 5.7 
6.0 5.3 5.1 5.3 5.7 5.8 5.6 
6.5 5.3 5.5 5.2 5.4 6.3 6.1 
7.0 5.2 " 6.0 5.3 5.4 5.9 6.2 
These data were analyzed statistically and the analysis 
of variances showed that the main effects of coconut milk, 
initial pH, and their interactions were significant. There­
fore, within each of these factors linear and quadratic terms 
were removed in an attempt to make these data more meaningful 
(Tables 41-68). Instead the analysis generally became more 
103 
confusing thus making specific interpretation based on these 
analyses even more difficult. In an attempt to determine why 
the significance of these data was uninterpretable the experi­
mental design was re-evaluated. The lack of randomization 
of the expiants derived from particular "mother cultures" 
appeared to be the factor that could have effected the results 
so drastically. An assumption was made in these studies that 
"uniform" "mother cultures" were homogenous and all expiants 
would have equal metabolitic potentials. However, the obser­
vation of sectioned material (Figures 3-7), and other work on 
nonuniformity in tissue cultures (Street and Henshaw, 1966; 
Hall ^  a2., 1972), indicated this assumption was erroneous. 
In these studies a single "mother culture" could have supplied 
expiants for 10 to 20 bottles. Therefore, a single "mother 
culture" could have supplied most of the expiants that were 
transferred onto media within one particular coconut milk 
concentration. This could have accounted for some of the 
variances that were observed on growth of tissues on media 
of adjacent coconut milk concentrations that did not appear 
to be only related to the presence of coconut milk or initial 
pH of the medium. Therefore, a study of the effects of six 
levels of coconut milk and initial pH was established using 
U. americana tissues. In this study all "mother cultures" and 
media were completely randomized. 
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Effects of six levels of coconut milk and Initial pH on U. 
americana tissue cultures 
The presence of coconut milk in the media generally in­
creased subjective growth evaluations of U. amerIcana 
tissues (Tables 32, 69). The effect of coconut milk on 
subjective growth evaluation was both linear and quadratic 
indicating Increased growth on media that contained coconut 
milk up to 20% and then a downward trend on media that 
contained 25% coconut milk. Growth was improved on media 
that contained 5% coconut milk with initial pHs of 4.5 to 6.0. 
However as the concentrations of coconut milk in the media 
increased to 20%, the initial pHs of the media that favored 
improved growth of tissues appeared to shift toward the high­
er initial pHs. Growth of the tissues was best on media 
that contained 20% coconut milk and had initial pHs of 6.0, 
6.5J and 7.0. The initial pH effects appeared to be both 
linear and quadratic as was evident by the increased growth 
at low initial pHs on media that contained 5% and 10% 
coconut milk, and the trend toward the increased growth 
at higher initial pHs on media that contained 15% and 20% 
coconut milk. The "mother cultures", that served as the 
source of the expiants also had marked effects on the sub­
jective growth evaluations. 
Subjective color evaluations of U. amerlcana tissues 
were effected in this study (Tables 333 70). The best color 
quality was observed on media that contained 0% coconut milk 
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Table 32. Subjective growth evaluations of U. americana 
grown on media with six levels of coconut milk 
and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 1.6% 2.4 2.0 0.8 1.0 1.8 
5.0 3.0 2.6 2.8 2 .8  2.0 2.4 
5.5 2.4 3.0 2.8 2 .6  2.4 2.2 
6.0 1.8 2.6 2.6 3.0 3.4 1.8 
6.5 2.6 2.2 3.2 2.6 2.8 1.6 
7.0 2.8 2.6 2.0 2.2 3.8 2.0 
^0 = poor growth, 5 = excellent growth. 
Table 33- Subjective color evaluations of U. americana 
tissue cultures grown on media with six levels 
of coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 4 . 6 *  4.6 3.0 1.5 2.3 3.4 
5.0 4.4 4.4 4.3 3.6 2.6 3.1 
5.5 2.6 2 . 6  4 . 2  3.2 3.7 2.7 
6.0 2 . 8  2.8 3.8 4.1 3.9 3.2 
6.5 2.8 2.8 3.5 3.4 3.6 1.9 
7.0 2 . 8  2 . 8  3.0 3.3 4.0 2.4 
= dark colored, 5 = white. 
and had initial pHs of 4.5 and 5.0, where as media that con­
tained 20% coconut milk, and had initial pHs of 5.5, 6.0, 
6.5, and 7.0, produced tissues with the best color quality. 
This upward trend across the initial pHs as the amount of 
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coconut milk in the media increased explained much of the 
linear and quadratic effects of coconut milk and initial pH 
and their interactions. The mother culture that served as 
the source of the expiants also effected the color quality 
of tissues. 
Wet weights of U. amerlcana tissues were affected in 
this study (Figure 12; Tables 3^, 71). Media that contained 
0% coconut milk and had an initial pH of 4.5 produced tissues 
with the lowest wet weights. Yet, as the concentration of 
coconut milk in media increased from 5% to 20% tissues with 
the greatest wet weights were produced on the media that had 
correspondingly increasing initial pHs. The effects of 
initial pHs and concentration of coconut milk in the media on 
wet weights of the tissues accounted for both the linear and 
quadratic components that were noted. The "mother culture" 
that served as the source of the expiants also had a signifi­
cant effect on the wet weights of the tissues. 
Table 34. Grams wet weight of U. americana grown on media 
with six levels of coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 2.81 6.82 3.94 2.23 2.12 3.36 
5.0 6.80 7.28 6.26 5.71 4.29 3.98 
5.5 5.73 6.87 6.85 4.40 4.51 4.39 
6.0 3.18 5.95 5.23 9.15 7.11 3.47 
6.5 5.36 4.76 7.28 6.62 5.41 2.91 








Figure 12. Effects of six levels of coconut milk 
U. amerlcana tissues 
and initial pH on wet weights of 
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Dry weights of the tissues of U. americana appeared to 
respond very similarly as wet weights (Tables 35-36, 72). 
Dry weights of tissues on media that contained 0% coconut 
milk were least on media that had initial pHs of 4.5 and 6.0. 
But 5 as the concentrations of coconut milk increased from 
3% to 20%, the dry weights of the tissues showed a trend 
toward higher dry weights on media that had corresponding 
high initial pHs. This trend explained both the linear and 
quadratic effects of coconut milk and initial pHs of the media 
on dry weights of tissues. The "mother culture" also effected 
the dry weights of the tissues. 
Table 35-36. Grams dry weight of U. americana tissue cultures 
grown on six levels of coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 0.20 0.40 0.21 0.15 0.15 0.25 
5.0 0.36 0.42 0.37 0.35 0.29 0.28 
5.5 0.34 0.39 0.39 0.30 0.31 0.28 
6.0 0.20 0.34 0.32 0.52 0.43 0.23 
6.5 0.31 0.29 0.41 0.29 0.34 0.11 
7.0 0.34 0.26 0.27 0.34 0.55 0.22 
Percentage dry weights of U. americana tissues were 
affected in this study (Tables 37, 73). There was a decrease 
in percentage dry weight of tissues grown on media that con­
tained 5% coconut milk compared to tissues grown on media 
that contained 0% coconut milk. But, as the percentage of 
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coconut milk in the media increased, the percentage dry-
weight also increased. This was both a linear and quadratic 
response of percentage dry weights to the presence of coconut 
milk in the media. The "mother culture" that served as the 
source of the expiants also affected the percentage dry weight 
of tissues. 
Table 37- Percentage dry weight of U. amerlcana tissue 
cultures grown on media with six levels of coconut 
milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 8.4 5.9 6.1 6.9 7.1 8.0 
5.0 6.0 5.8 6.2 6.0 7.2 7.3 
5.5 6.5 5.8 6.2 6.9 7.0 7.5 
6.0 6.5 5.8 6.3 5.7 6.5 7.6 
6.5 6.7 6.4 6.0 5.3 6.7 6.2 
7.0 6.7 6.0 6.5 6.6 6.2 7.3 
The final pHs of the media upon which U. americana 
tissues had grown were affected by the presence of coconut 
milk and initial pH of the media (Tables 38, 7^). The final 
pHs were greater on all media that contained coconut milk, 
except for the media that had an initial pH of 4.5 and con­
tained 20% and 25% coconut milk. There was a general increase 
in the final pH of the media and the initial pH had more im­
pact on the final pH as the concentrations of coconut milk 
increased to 20%. But, the final pH of the media that con-
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Table 38. Pinal media pH after U. americana tissue culture 
growth; the media representing initially six 
levels of coconut milk and pH 
Initial Percentage Coconut Milk 
pH 0 5 10 15 20 25 
4.5 5.0 5.4 5.3 5.2 4.9 4.9 
5.0 5.2 5.6 5.4 5.3 5.6 5.3 
5.5 5.0 5.5 5.6 5.3 5.8 5.5 
6.0 5.2 5.7 5.4 6.0 6.1 5.5 
6.5 5.4 5.7 5.8 5.9 6.1 5.7 
7.0 5.5 5.8 5.6 5.9 6.3 6.2 
tained 25% coconut milk was generally lower than the media 
that contained 20% coconut milk. These data indicate that 
the effect of coconut milk and initial pH was both linear 
and quadratic. The "mother culture" also had an important 
effect on the final pH of the media. 
Prom these data it is evident all growth criteria eval­
uated on U. americana tissues were affected by the presence 
of coconut milk in the media. Generally growth improved as 
the concentration of coconut milk in the media reached 2 0 % .  
The effect of the initial pH of the media changed as the 
concentration of coconut milk changed. In fact growth re­
gardless of the criteria was best on media that contained 0% 
and 5% coconut milk and had low initial pHs. As the concen­
tration of coconut milk increased to 20%, the best growth 
occurred on media that had higher initial pHs. But probably 
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of overriding importance, was the significance the "mother 
culture" had on all growth evaluations regardless of the 
criteria used (Tables 69-74). This fact casts a great deal 
of doubt as to the real validity of the earlier growth studies 
and reinforces the importance of proper experimental design 
regardless of seemingly justified assumptions. The importance 
of the "mother cultures" indicates that uniform appearing 
cultures do not have equal metabolic potentials. This phenom­
ena has been observed by other workers (Street and Henshaw, 
1966). Possibly the difference in metabolic potentials of 
the "mother cultures" may be related to the number of cells 
filled with densely staining material (Figures 3, 4). If 
these materials were tannins as has been observed in slash 
pine tissue cultures (Hall et a2., 1972) and if the number 
of these cells present in the "mother cultures" varied from 
one culture to another, the differences in growth of the 
expiants derived from different "mother cultures" could be 
accounted for. 
There were several other factors to be considered in 
interpreting all of these growth data. First, the media 
that produced the greatest growth of tissues depended upon 
the criteria that was selected to evaluate tissue growth. 
The partial correlation coefficients (Tables 75-80), appeared 
to show a general positive correlation between subjective 
growth evaluations and tissue wet weights, and a positive 
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correlation between tissue wet and dry weights. The per­
centage dry weight was generally negatively correlated with 
increased subjective growth evaluations and tissue wet or 
dry weights, and the color of tissues did not appear to be 
strongly correlated with any other growth criteria. There­
fore whether subjective growth evaluations, wet or dry weights, 
or percentage dry weight were to be used as the criteria for 
determining growth of tissues, the media that would enhance 
the particular criteria selected, would be different depending 
upon the selection of Ulmus and the growth criteria used. 
Secondly, there was no literature dealing with the ability 
of the basic tissue medium to withstand extremes of pH for 
extended time periods. Data in these studies Indicated that 
coconut milk appeared to have a buffering effect that enabled 
the media that contained coconut milk to maintain more extreme 
pHs than the basic tissue medium. The final pH of the medium 
that contained 0% coconut milk (Tables 29, 30, 31, and 38) 
did not appear to be effected by the initial pH. But as the 
concentration of coconut milk in the media increased, either 
the final pH of the media increased, or media that had higher 
initial pHs also had higher final pHs. Pinal pH did not 
appear to have much correlation with growth regardless of the 
growth criteria (Tables 75-80), but initial pH did have an 
effect that changed as the concentration of coconut milk 
changed. But, whether the effect of initial pH on growth 
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was positive or negative depended upon the particular con­
centration of coconut milk in the media, the criteria used 
to indicate growth, and the selection of Ulmus tissue 
culture. However, no medium was monitored during the course 
of these studies to determine the pH changes that would 
occur in medium that was not supporting tissue growth. 
Third, percentage dry weights of tissues were negative­
ly correlated with increasing subjective growth evaluations 
and increasing wet weights (Tables 75-80). This seemed to 
indicate that subjective growth evaluations and wet weights 
were a measure of moisture content of the tissues rather than 
a measure of cell numbers. This indicated that subjective 
growth evaluations and wet weights of tissues may have been 
a measure of cell expansion, as has been shown in other 
tissue culture growth studies (Dougall, 1972). However, 
the presence of coconut milk in the media may have either 
caused increased cell expansion and no increases in cell 
numbers, or may have caused increases in cell numbers which 
then expanded normally. The increases in dry weight of 
tissues observed on media that contained coconut milk could 
have been due to increased numbers of cells, or increased cell 
wall material necessary for greater cell expansion. U. 
americana and NL 496 tissues did not show a negative corre­
lation between dry weights and percentage dry weights as 
did all other tissues. This may have indicated that U. 
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amer le ana and NL 496 tissues were harvested before they had 
become fully expanded, that the greater size was indicative 
of increased numbers of cells, or that the cells not only 
expanded but also produced other materials that increased 
their dry weights proportionally more than could be accounted 
for by increased moisture content. 
Effect of Direct Inoculation of Mature Tissue Cultures 
and Stale Tissue Medium with C. ulml 
Effect of inoculation of mature tissue culture with a spore 
suspension of C. ulmi 
The ultimate purpose for the establishment of tissue 
cultures of elms with varying resistance to Dutch elm 
disease (Table 1) was to use them to study the host-pathogen 
interaction. One method of studying this interaction was to 
inoculate these cultures with a spore suspension of C^. ulmi 
and observe the growth of the fungus, and the response of the 
tissue to fungal growth. Earlier work with tissue cultures 
of American and Siberian elm inoculated with C_. ulmi had 
shown the fungus grew and produced coremia equally on tissues 
of both elms (Holden e^ al•, 1970). However, with tissues 
of elms other than Siberian that possessed varying degrees 
of resistance established in culture, studies were initiated 
to observe the differences in growth and reproduction of the 
fungus and- the responses of the tissues. 
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Table 39. Subjective evaluations of growth of C_. ulmi on 





of fungus growth^ 
Resistance 
ratingb 
U. americana 5 0 
NL P275 5 1 
NL 49 5 2 
NL 202 
.5 3 
NL 390 2.5 5 
NL 496 5 6 
^0 = little fungal growth, 5 = abundant fungal growth. 
^Ratings from Table 1. 
No specific tissue responses were observed after seven 
days, but a mat of fungal growth covered all tissues but was 
not as dense on NL 390. Asexual reproduction of the fungus, 
cephalosporium, occurred on all tissues but no coremia were 
observed. In the laboratory coremia commonly take more than 
seven days to foim on diseased specimens, so this study may 
have been terminated before coremia would have been evident. 
However, these data indicated the fungus grew and reproduced 
on tissue cultures of susceptible and resistant elms as was 
observed earlier (Holden et al., 1970). 
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Growth and reproduction of C. ulml in this study may 
have been more related to the medium that supported tissue 
growth, and the quality of tissue growth, rather than whether 
tissues were from resistant or susceptible elms. This phenome­
non has been observed when tobacco tissue cultures were inocu­
lated with Phytophthora infestans var nicotianne (Helgeson 
et al., 1972). Since these data on fungal growth and repro­
duction and tissue responses were based on subjective evalua­
tions, and since there did not appear to be any striking 
differences in tissue responses or growth and reproduction of 
C. ulmi on tissues of resistant and susceptible elms, other 
methods of using these tissues to study the host-pathogen 
interactions were pursued. 
Effect of inoculation of media that had supported tissue 
culture growth on the growth and reproduction of C. ulml 
Media that had supported the growth of tissue cultures 
of many plants had been shown by other workers to be anti­
microbial. This activity was caused by antimicrobial com­
pounds produced by tissue cultures diffusing into the media 
(Mathes, 1963, 1967; Campbell et al.. 1965; Khanna and Staba, 
1968; Khanna et , 1971). Studies were initiated to deter­
mine whether the medium that had supported growth of tissue 
cultures of elms with varying degrees of resistance might 
differentially effect the growth and reproduction of Ç. ulmi. 
These data indicated that growth of C. ulmi was 
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Table 40. The area of C_. ulmi colonies and number of 
spores produced per cm^ seven days after inocu­
lation of medium that had supported tissue culture 
growth for six weeks 
The tissue grown 










Basic tissue medium 5 - 5  
U. americana 8. 7 
NL P275 7.8 
NL 49 8.9 
NL 390 7.0 
NL 496 9.2 
1.9 
1.9 
2 . 0  
1.9 







^Resistance rating from Table 1. 
enhanced on media that had supported tissue culture growth 
for six weeks. These data also showed there was no dif­
ference in spore production per unit area of fungal colony 
whether the fungus grew on basic tissue medium that had not 
supported tissue culture growth or on medium that had sup­
ported growth of various elm tissue cultures. These data 
on C. ulmi growth and reproduction did not appear to be 
correlated with the resistance of the elms from which tissue 
cultures were derived (Table 40). 
The results of this and the previous study promoted the 
search for other approaches for the uses of these tissue 
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cultures for studying the host-parasite interactions. Xylem 
and ray parenchyma cells, ultimately derived from the cambium, 
have been shown to respond to fungal metabolites. These 
responses, including the formation of tyloses and oxidized 
tannins, appeared to be more intense in resistant elms 
(MacDonald, 1970; Jones, 1971). The tissue cultures of these 
elms varying in resistance to Dutch elm disease also were 
derived from the cambium and were thought to possibly possess 
the same potential for response to fungal metabolites as the 
xylem and ray parenchyma cells. Studies were initiated to 
determine whether these cells did possess the ability to 
respond to the metabolites of C. ulml. These studies included 
the incorporation of culture filtrate of C_- ulmi and its 
fractions into basic tissue medium and observing growth of 
the tissues as determined by wet weights. Altered growth 
might possibly then be related to the altered growth within 
the intact host. Extracts of these tissues grown in the 
presence of culture filtrate were then incorporated into 
liquid grown C. ulmi cultures. The effect of these extracts 
on C_. ulmi might possibly be related to the production of 
compounds that are produced by the parenchyma cells in response 
to the presence of fungal metabolites in the sap stream. These 
compounds may be related to resistance in elms by reducing 
the growth and spread of the fungus in the resistant trees. 
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Effects of Culture Filtrate on 
Tissue Cultures 
Effects of 25% (v/v) addition of culture filtrate or its 
fractions on the growth of U. amerIcana, NL 390, and NL"T96 
tissue cultures as determined by wet weights 
Growth of U. americana and NL 390 was reduced and NL 
496 enhanced on medium that contained 25% (v/v) basic fungus 
medium, treatment C^» as compared to growth on the control 
medium, C2 (Figure 13 ; Tables 8I-83). Addition of basic 
fungus medium to basic tissue medium as one of the treatments 
in the study was to serve as a second control in an attempt 
to separate the effects of fungal metabolites present in the 
culture filtrate, from the effects of constituents of basic 
fungus medium on growth of the tissues. 
Growth of U. americana and NL 390 was reduced on the 
medium that contained 25% (v/v) culture filtrate, treatment 
T^, compared to growth on the control medium in treatment 
Cg, but the reduction in growth was similar to the growth 
on the medium that contained 25% (v/v) basic fungus medium, 
treatment C^ (Figure 13; Tables 81-83). There was no evidence 
to indicate the reduction of growth of U. americana and NL 390 
on medium that contained culture filtrate was any different 
than reduction of growth on medium that contained basic 
fungus medium. The growth of NL 496 on the medium in treat­
ment T^ was not reduced nearly as much as U. americana 
D> 
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Tissue Culture Treatments 
Figure 13. Grams wet weight of tissue cultures exposed to C. ulml culture filtrate 
and fractions of the filtrate 
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and NL 390 tissues, but was reduced compared to growth on 
the medium in treatment Cg. These data indicate that reduc­
tion in growth of NL 496 on medium containing culture 
filtrate might have been a specific reaction of this tissue 
to the presence of fungus metabolites in the medium. These 
data did not show any evidence of such specificity with U. 
americana and NL 390 tissues. Earlier work had shown that 
the culture filtrate of C_. ulmi would produce part of the 
symptoms of Dutch elm disease on elm cuttings, but these data 
on growth do not necessarily appear to be related to only the 
presence of fungal metabolites in the culture filtrate. 
The culture filtrate was separated into ethanol in­
soluble and ethanol soluble fractions and 25% (v/v) of these 
fractions were added to the medium in treatments and 
respectively. Growth of U. americana and NL 390 was enhanced 
and NL 496 reduced on the media that contained either of the 
ethanol fractions compared to their growth on the medium 
that contained culture filtrate, treatment T^ (Figure 13; 
Tables 81-83)• The growth of NL 390 was similar on the media 
that contained either ethanol fraction. A, and A , but i s 
growth of U. americana was enhanced and NL 496 reduced on 
the medium that contained the ethanol soluble fraction as 
compared to growth on medium that contained the ethanol 
insoluble fraction, A^ (Figure 13 ; Tables 8 I - 8 3 ) .  
These data on growth of these tissues on media that 
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contained the ethanol fractions of the culture filtrate were 
confusing when compared to the growth on the medium that con­
tained the intact culture filtrate. The extraction of culture 
filtrate with ethanol appeared to remove the inhibitors of 
growth that affected U. americana and NL 390 on the medium 
that contained the intact culture filtrate. But, the ethanol 
soluble fraction of the culture filtrate appeared to possess 
more inhibitory effect on growth of NL 496 than did the 
crude culture filtrate. Other workers had shown that'the 
ethanol insoluble fraction of the culture filtrate was a 
carbohydrate that did not effect elm cuttings and that the 
ethanol soluble fraction possessed the toxicity (Salemink 
et al., 1965a Rebel and Salemink; 1968). These data on tissues 
growth on media that contained 25% (v/v) of these fractions 
did not appear to be directly related to the toxicity or 
lack of toxicity. 
The .ethanol soluble fraction of the culture filtrate 
was extracted with ether. The ether insoluble and soluble 
fractions were added to the basic tissue medium at 25? (v/v) 
in treatments and Eg respectively. Growth of U. americana 
and NL 390 was reduced on the media containing the ether 
soluble fraction, treatment E^, compared to their growth on 
the medium containing the ethanol soluble fraction treatment 
Ag (Figure 13; Tables 81, 82). Growth of NL 496 was enhanced 
on the media continuing either of the ether fractions, and 
123 
E^, compared to growth on the medium containing the ethanol 
soluble fraction, A^, but the growth was more enhanced on 
the medium containing the ether soluble fraction, 
(Figure 13, Table 83). 
These growth data did not appear to clarify the growth 
observed on the medium containing the ethanol soluble frac­
tion. The ether soluble fraction reduced the growth of U. 
amerlcana and NL 390 and enhanced the growth of NL 496. The 
ether soluble fraction has been shown to possess toxicity to 
elm cuttings (Dimond e;^ a2., 19^9; Salemink e^ ., 1965; 
Rebel and Salemink, 1968) , but these growth data did not 
appear to be related to the supposed presence or absence of 
toxicities. 
The ethanol soluble fraction of the culture filtrate also 
was dialized for 24 hours. The nondializable and dializable 
fractions were added to the basic tissue medium at 25% (v/v) 
in treatments and respectively (Figure 13 ; Tables 01-
83). Growth of tissues of NL 390 and NL 496 did not respond 
differently on media containing either of these two frac­
tions but growth of NL 390 was reduced and growth of NL 496 
enhanced compared to growth on the media containing the ethanol 
soluble fraction, (Figure 13; Tables 82-83). The growth 
of U. americana on the medium containing the dializable frac­
tion appeared to be similar to growth on the medium that con­
tained the ethanol soluble fraction, A^, and was better than 
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the growth on the medium that contained the nondializable 
fraction (Figure 13 ; Table 8l). 
These data also did not appear to clarify the growth 
differences observed on the medium containing the ethanol 
soluble fraction of the culture filtrate. Growth of U. 
americana was similar on the media that contained these 
fractions and on the media that contained the ethanol soluble 
fraction. However, growth of NL 390 was reduced and NL- 496 
was enhanced if the same comparisons were made. The non­
dializable fraction has been shown to possess toxicity to 
elm cuttings (Salemink e^ > 1965; Rebel and Salemink, 
1968) , but again these growth data did not appear to be 
related to the supposed presence or absence of toxicity. 
In this study the addition of 25% (v/v) may have been 
an excessive amount of material to add to the basic tissue 
medium. The concentration of fungal metabolites that are 
present in the sap stream of a diseased tree that initiates 
the responses in the parenchyma cells is not known. The 
responses of the parenchyma cells appeared to occur in a 
gradient from a more Intense response in the area adjacent 
to the vessels that contain the fungus, to an area of lesser 
response as the distance from the fungal material increases 
(MacDonald, 1970). Whether the fungal metabolites make up 
25% (v/v) of the constituents of the sap stream is unknown. 
Other workers have shown that high levels of crown gall 
125 
bacterial culture filtrate strongly inhibited tissue culture 
growth (Hildebrandt al^., 1946) and bean tissue weight was 
reduced by 40-50% when culture filtrate that contained halo-
toxin was incorporated into the tissue medium at 5-10% (v/v) 
(Rudolph and Warick, 1968; Bajaj and Saettler, 1970). There­
fore, the addition of 25% (v/v) of these materials-in this 
study may have been a poor choice. 
The variation of growth of expiants from the mature 
"mother cultures" observed on this and other concurrent 
studies (Tables 69-75) also may have presented problems in 
this study. The medium the expiants were to be transferred 
onto was not randomized, but each pair of expiants from a 
"mother culture" were placed on different media. Many cells 
in the mature tissue cultures of these elms have been ob­
served to be filled with what appeared to be tannins (Figures 
3, 4). Considering that tannin filled cells may be in a 
lower metabolic condition or dead (Hall e^ al•> 1972), the 
presence of varying numbers of tannin filled cells in the 
expiants used in this study may have affected their potential 
for new growth. This factor confounded with the lack of ran­
domization may have had more adverse effects on these data 
than did the addition of fungal metabolites. Consideration 
of ways to eliminate the variation and ways to reduce the con­
centrations of the added materials might lead to more 
interpretable data. 
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A second study was initiated to determine the effect 
of the addition of three concentrations of basic fungus medium 
and culture filtrate to the basic tissue medium that was 
supporting actively growing tissue cultures. Five ml of warm 
1% agar that contained proper amounts of basic fungus medium 
or culture filtrate were added to the surface of basic tissue 
medium supporting uniform actively growing three-week-old 
tissue cultures. Four weeks later, the tissues were harvested 
and the wet weights determined. 
Effect of a four-week exposure of three concentrations of 
basic fungus medium and culture filtrate on the growth of 
tissue cultures of U. americana, NL 390» and NL 496 as" 
determined by wet weight 
The media in treatments and (Figure l4) con­
tained final concentrations of 25%» 12.5%, and 6.3% (v/v) 
basic fungus medium respectively, and the media in treatments 
T^, Tg and (Figure l4) contained final concentrations of 
25%, 12.5% and 6.3% (v/v) culture filtrate respectively. 
The media in treatment was the control, with the addition 
of 25% (v/v) basic tissue medium (Figure 14; Tables 84-86). 
Growth of U. amerlcana was reduced on the media that con­
tained any of the three concentrations of basic fungus medium 
and equally reduced on the media that contained any of the 
three concentrations of culture filtrate (Figure l4; Table 
84). The growth of NL 390 was better on the medium that con­
tained 12.5% (v/v) basic fungus medium compared to growth on 
Figure 14. 
U. amerlcana 
0 NL 390 
• NL 496 
^3 ^4 ^5 '1 '2 '3 
Tissue Culture Treatments 
of tissue cultures exposed to three levels of basic 
culture filtrate 
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the medium that contained 12.5? (v/v) culture filtrate, treat­
ments and Tg, and there was the suggestion of a similar 
enhancement of growth on the medium that contained 25% (v/v) 
basic fungus medium compared to growth on the medium that 
contained 2 5 %  (v/v) culture filtrate (Figure 14; Table 8 5 ) .  
But, 6.355 (v/v) of these two materials did not differentially 
effect the growth of NL 390 (Figure l4; Table 05). Growth of 
NL 496 was reduced on the medium that contained 25% (v/v) 
culture filtrate compared to the medium that contained 25% 
(v/v) basic fungus medium, treatments T^ and (Figure 14; 
Table 86). There was the suggestion that there also may 
have been a reduction in growth of NL 496 on the media that 
contained 12.5% and 6.3% (v/v) culture filtrate, treatments 
Tg and T^, compared to growth on the media that contained 
12.5% and-6,3% (v/v) basic fungus medium, treatments 
and (Figure 14; Table 86). 
These data indicate that the growth of the tissues of 
these three elms were reduced on the medium that contained 
the culture filtrate compared to growth on the control medium. 
These data indicated that tissues of U. americana grew 
differently than the tissues of NL 390 and NL 496 on the media 
that contained basic fungus medium (Figure 14). An interest­
ing aspect of these data was the difference of growth of NL 
390 on medium that contained basic fungus medium in the former 
study and in this study (Figures 13, l4, respectively). In 
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the former study the growth of NL 390 was reduced similarly 
on the media that contained the culture filtrate and the 
media that contained the basic fungus medium, treatments 
and (Figure 13 ; Table 82). But, in this study the growth 
was not reduced on the media that contained the basic fungus 
medium as compared to its growth on media that contained the 
culture filtrate, treatments and (Figure l4; Table 8 5 ) .  
This difference may have been related to the fact in the for­
mer study, expiants from mature "mother cultures" were placed 
on the medium that contained the added experimental materials, 
and in this study, experimental materials were added to the 
medium that supported actively growing tissues. The dif­
ference in growth therefore might have been related to the 
metabolic rate of the tissues at the time they were exposed 
to these materials. 
Elm cuttings commonly have been used in studies on the 
effects of culture filtrate of C_. ulmi. When exposed to the 
culture filtrate or particular fractions of the filtrate, 
these cuttings develop symptoms similar to those that develop 
in inoculated trees. Resistant and susceptible elms also 
have been shown to respond differently to the culture filtrate 
(Dimond e^ ., 19^9; Salemink e^ al., 1965; Rebel and 
Salemink, I968; Angell and McNabb, 1970). However one study 
has shown there was no particular response of U. americana 
tissue cultures to the culture filtrate (Holmes, 195%). 
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Growth data from these two studies indicated tissue 
growth may have been affected by the addition of various 
materials to the basic tissue medium. In the first study, 
the addition of 25% (v/v) basic fungus medium to basic tissue 
medium reduced the growth of U. americana and NL 390 and 
enhanced NL 496, treatment (Figure 13). A similar reduction 
of growth of U. americana and NL 390 was observed on the medium 
that contained 25% (v/v) culture filtrate, treatment 
(Figure 13). Due to the similarities of reduction in growth 
media that contained 25% (v/v) basic fungus medium and 25% 
(v/v) culture filtrate, there was no indication U. americana 
or NL 390 responded differentially in their growth to the 
presence of culture filtrate. Growth of NL 496 was reduced 
on the medium that contained 25% (v/v) culture filtrate com­
pared to its growth on the medium that contained 25% (v/v) 
basic fungus medium (Figures 13, l4). These data might 
suggest a specific response of these NL 496 tissues to the 
presence of culture filtrate. Yet, with the separation of the 
culture filtrate into various fractions, no pattern of 
response of NL 496 was observed. Considering some of these 
fractions of the filtrate have been shown to be responsible 
for symptom development in elm cuttings, these growth data 
did not appear to be necessarily related to the presence of 
any particular component of the culture filtrate. 
In the second study (Figures 13, l4), the growth of U. 
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americana was reduced on all media that contained added 
materials. However, growth of NL 390 and NL 496 was better 
on media that contained basic fungus medium than on media 
that contained the culture filtrate. These data in this 
study tend to suggest a specificity of response of these 
tissues to the culture filtrate of C_. ulmi. Yet, much of 
these growth data in both of these studies could be accounted 
for by the presence and availability of nutrients in the 
media. The basic fungus medium contained 20 g/1 glucose, and 
the basic tissue medium contained 30 g/1 sucrose. This con­
centration of sugar could have adverse or beneficial effects 
on tissue growth. The basic fungus medium also contained 
high levels of L-asparagine, KHgPO^, and Mg SO^-THgO. The 
addition of these materials to the medium also could cause 
adverse or beneficial effects on tissue growth. 
Due to the growth of C_. ulmi in the basic fungus medium 
for four days, the culture filtrate probably contained reduced 
levels of nutrients and in addition contained many fungal 
metabolites. The data in the second study suggests that NL 
390 and NL 496 responded by poorer growth to the presence of 
the metabolites. However to clarify that these growth data 
with NL 390 and NL 496 were indeed due to fungal metabolites 
and not nutritional problems, additional studies would be 
needed. These studies might include ashing of the basic 
fungus medium and the culture filtrate before addition to the 
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basic tissue medium, additional lower concentrations of these 
added materials, the use of other elm tissues with more inter­
mediate resistances, and the use of other less aggressive 
isolates of C_. ulmi. 
Another problem with the interpretation of these data, 
were they were based on growth of the tissues after a four 
or six week exposure to the added materials. If one was 
to relate this growth to the tylose formation by parenchyma 
cells in the intact host, the time period involved in these 
studies may be erroneous. In the intact tree, tyloses devel­
op quickly, within several days. This phenomenon has been 
related to possible hormonal upsets caused by fungal meta­
bolites or host imbalances, and by changes of the pH in the 
sap stream (Beckman, 1956; Mace and Solit, I966; Dimond, 
I97O; MacDonald, 1970). Data in these studies on response 
of these tissues to the culture filtrate do not show any indi­
cation of stimulated growth. Therefore growth of these 
tissues may not have been the best criteria to use for evalua­
tion of tissue response as related to tylose formation. In­
deed a response of these tissues related to tylose formation 
may not be possible using tissues growing on an agar media. 
Suspension cultures might give a better indication of such 
responses of the tissues to the culture filtrate. 
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Effects of Extracts of Tissue Cultures on Growth 
of C. ulmi in Liquid Culture 
Besides the formation of tyloses, the parenchyma cells 
in diseased trees also respond to fungal metabolites by 
becoming filled with oxidized phenolic compounds (Gagnon, 
1967; MacDonald, 1970). These compounds have been shown 
to be oxidized fungitoxic quinones in Pusarium infected 
tomatoes. The presence of these compounds in the parenchyma 
cells of tomatoes inhibited fungal growth in the cells, but 
apparently did not effect the growth of the fungus in the 
vascular elements (Dimond, 1970). The role of these oxidized 
materials in elms is unknown, but resistant elms have been 
shown to limit fungal spread, and this limitation may be 
associated with fungitoxic compounds (Elgersma, 1969). 
Collapsed and distorted fungal material has been observed in 
areas of older infected xylem (Pomerleau, 1970). Considering 
these data and in an attempt to determine whether the tissue 
cultures exposed to the culture filtrate and its fractions 
would respond by the production of compounds similar to those 
produced in the parenchyma cells of the intact host, extracts 
of these tissue cultures were assayed for an effect on the 
growth of C. ulmi. 
C_. ulml spreads rapidly in susceptible trees by budding 
yeast-like growth (Banfield, 1941, Pomerleau, 1970). 
Chemicals that stimulate mycelial growth at the expense of 
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spore production in Verticlllium albo atrum cultures have been 
suggested as having potential for the control of Verticillium 
wilt of cotton (Keen et al., 1971). Earlier work had shown 
there was no inhibition of £. ulmi in areas adjacent to where 
extracts of resistant elms were incorporated into an agar 
medium (Elgersma, 1969). But, the water extracts of seedling 
American elms that possessed juvenile resistance to C. ulmi 
did cause distorted growth of C. ulmi when observed micro­
scopically (Schreiber, 1970). If indeed resistance to C_. 
ulmi may be related to the rate of fungus growth in the tree 
(McNabb et al., 1970), the control of yeast-like budding would 
appear to be very important. The extracts of these tissues 
were added to liquid grown C_. ulmi cultures in an effort to 
determine if the form of fungal growth might be effected in 
response to the extracts. This might indicate whether these 
tissues had responded differentially to the fungal metabolites, 
and whether these extracts had any differential effects upon 
C. ulmi growth. 
To determine when the extracts should be added to the 
liquid grown cultures in order to have the greatest effect 
on the spore and budding spore production, the components of 
liquid grown C_. ulmi cultures, growing on basic fungus medium, 
were counted each day for seven days (Figure 15a.) . There was 
a logarithmic increase in the number of spores between two 
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Figure 15a. Changes in numbers of each component of C_. ulmi 
liquid grown cultures over a seven day growth 
period 
136 
resistant trees, they should slow the budding process and 
thus reduce the number of spores produced. Therefore, 
the tissue culture extracts were added to 48-hour-old 
C. ulmi cultures and components of the cultures counted 48 
hours later. 
Effect of water extracts of tissue cultures on C. ulmi 
growth in liquid culture 
Growth of C_. ulmi, as determined by production of each 
of the components in liquid cultures was altered when the 
fungus was grown for 48 hours in the presence of 50% (v/v) 
water extracts of U. americana, NL 390, and NL 496 tissues 
(Figures 31, 32). Production of spores appeared to be en­
hanced in C_. ulmi cultures exposed to U. americana and NL 390 
extracts and appeared to be reduced in cultures exposed to NL 
496 extracts (Figure 15a; Table 87). Production of budding 
spores was reduced in cultures exposed to all extracts of 
tissues, but extracts of NL 496 caused the greatest reduction 
(Figures 16; Table 88). Production of germinating spores 
did not appear to be affected by extracts of U. americana or 
NL 496, but was reduced by extracts of NL 390 (Figure 17; 
Table 8 9 ) .  Production of hyphae was increased by the extracts 
of NL 496, and did not appear to be affected by extracts of 
U. americana and NL 390 (Figure I8; Table 90). These data 
indicated that growth patterns of C. ulmi were affected by 
water extracts of the tissue cultures of these three elms. 
Fungus Treatment 
Figure 15b• Number of spores of C. ulml cultures after a ^8 hour exposure to water 
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Number of budding spores of Ç. ulmi cultures after a 'l8 hour exposure 
to water extract of tissue cultures 
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Fungus Treatment 
Figure 17. Mu^ber of germinating spores of C. ulrni cultures after a 48 hour 
exposure to water extracts of tissue cultures 
5 r 
U3 O 4 
E 













Figure 18. ."lumber of hyphae of C. ulml cultures after a 48 hour exposure to water 
extracts of tissue cultures 
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These data also Indicated that growth patterns of Ç. 
ulmi were similar when exposed to extracts of a particular 
elm tissue culture regardless of the media that the tissue 
had grown upon. This lack of differential response of the 
fungus to extracts of the tissues grown on media that con­
tained fungal metabolites seemed to indicate that the tissues 
did not respond to the fungal metabolites by the production 
of material that would differentially effect C. ulmi growth. 
However, the growth pattern of C. ulmi appeared to be effected 
most markedly in presence of water extracts of NL 496 tissues, 
derived from the most resistant hybrid elm. These extracts 
reduced the number of spores and budding spores and increased 
the number of hyphae more than extracts of U. americana or 
NL 390. 
The percentage of the C_. ulmi cultures composed of each 
component also was affected by water extracts of the tissues 
of these three elms. The percentage of spores was greater in 
cultures exposed to extracts of NL 496 than in cultures ex­
posed to U. americana or NL 390 extracts (Figure 19; Table 
91)• The percentage of budding spores was reduced in all 
cultures exposed to tissue extracts. The reduction appeared 
to be similar in cultures exposed to U. americana and NL 390 
extracts and greater in cultures exposed to NL 496 extracts 
(Figure 20; Table 92). The percentage of germinating spores 
did not appear to be effected by extracts of U. amerlcana 
H U. americana 
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Figure 20. Percentage of budding spores of Ç. ulmi cultures after a 48 hour exposure 
to water extracts of tissue cultures 
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and NL 496. But, the percentage of germinating spores ap­
peared to be greater in cultures that contained the extracts 
of NL 390 tissues that were grown in media that contained 
255» (v/v) alcohol soluble fraction of the culture filtrate 
or fractions of this filtrate, treatments A^, , D^, 
and (Figure 21; Table 93)• The percentage of hyphae 
was Increased in cultures that contained extracts of NL 496 
compared to the cultures that contained extracts of U. 
amerlcana and NL 390 (Figure 22; Table 94). 
These data on the percentage of the culture composed of 
each component also indicated that growth patterns of C. ulmi 
were affected by the water extracts of the tissue cultures of 
these three elms. Generally, the percentages of each 
component of the C. ulmi cultures did not appear to be 
affected differentially by extracts of tissues grown on media 
that contained fungal metabolites. There was a slight indi­
cation that NL 390 might produce some water extractable 
material that caused increases in the percentage of germina-
ing spores when the tissues were grown on media that con­
tained the alcohol soluble fraction of the culture filtrate 
or its fractions, treatment A^, E^, E^, D^, and (Figure 21; 
Table 93). Normally, liquid cultures of ulmi contain about 
60-75% spores, 25-40% budding spores, and small percentages, 
less than 1$, of germinating spores and hyphae. In response 
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Figure 21. Percentage of germinating spores of Ç. ulml after a 48 hour exposure 
to water extracts of tissue cultures 
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Figure 22. Percentage of hyphae of C_. ulml cultures after a 48 hour exposure to 
water extracts of tissue cultures 
147 
was increased to about 90%, the percentage of budding spores 
was decreased to about 10%, and the percentage of hyphae 
was increased to about 1%. Considering that extracts of NL 
496 tissues, derived from the most resistant hybrid elm, 
appeared to effect the percentage of the components of the 
C. ulmi cultures most markedly (Figure 31, 32), with greater 
increases in percentages of spores and hyphae and greater 
decreases in percentages of budding spores than in the cultures 
that contained extracts of U. americana and NL 390 tissues, 
these data were most interesting and direct extrapolations of 
these data to possible resistance mechanisms was tempting. 
However, water extracts from resistant Dutch hybrid elms have 
not been shown to possess any fungitoxicity when their ex­
tracts were incorporated into an agar media that subsequently 
was seeded with C. ulmi spores (Elgersma, 1969). The water 
extracts from leaves and stems of American elm seedlings that 
exhibited juvenile resistance have been shown to cause ab­
normal growth of C. ulmi (Schreiber, 1970). Considering that 
in an intact tree, the metabolites that accumulate in xylem 
and ray parenchyma cells in response to fungal metabolites 
must diffuse from these cells and into the sap stream in order 
to be active against the fungus (Dimond, 1970), and consider­
ing that there was no evidence of any material that would 
inhibit £. ulmi spore or hyphae production found in the sap 
of resistant inoculated elms (Elgersma, 1969), whether these 
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data on altered £. ulml growth after exposure to water ex­
tracts of tissue cultures has any direct relationship to 
resistance is unknown. 
Effects of the water soluble fraction of hot ethanol extracts 
of tissue cultures on C. ulmi growth in liquid culture 
Growth of C_. ulmi as determined by production of each of 
the components in liquid cultures was altered when the fungus 
was grown for 48 hours in the presence of 50% (v/v) water 
soluble fraction of hot ethanol extracts of U. americana, NL 
390 and NL 496 tissues (Figures 31, 33)• Production of 
spores in £. ulmi cultures was reduced by extracts of all 
tissues, and extracts from NL 496 caused the greatest reduc­
tion. Extracts of NL 390 tissues that were grown on the 
media that contained the most dilute culture filtrate 
component appeared to reduce the production of spores more 
than the other extracts, possibly indicating a differential 
response of the tissues (Figure 23; Table 95). Production of 
budding spores was reduced in the presence of all extracts 
but was greater in the presence of the extracts of NL 390 
and NL 496 (Figure 24 ; Table 96). Production of germinating 
spores did not appear to be effected by extracts from U. 
americana tissues, but was reduced by extracts of NL 390 
and reduced even more by extracts of NL 496 tissues (Figure 
25; Table 97). Production of hyphae was increased by ex­
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Figure 23. Number of spores of C. ulml cultures after a 48 hour exposure 
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extracts of U. amerlcana tissues. Extracts of NL 496 tissues 
grown on media that contained 6.3% (v/v) basic fungus medium 
did not appear to increase hyphae production as much as all 
other NL 496 extracts (Figure 26; Table 98). 
These data indicated that growth patterns of C_. ulmi 
were affected by the water soluble portion of hot ethanol 
extracts of the tissue cultures of these three elms. These 
data also indicated that generally, growth patterns of C. 
ulmi were similar when the culture was exposed to extracts 
of a particular elm tissue culture regardless of the medium 
that the tissue had grown upon. This general lack of differ­
ential response of C_. ulmi to extracts of tissues grown on 
different concentrations of culture filtrate or basic fungus 
medium seemed to suggest that no differential production of 
metabolites had occurred in tissues on the different media 
that would effect C. ulmi growth differentially. Again, 
extracts of NL 496 caused the most marked upset in the growth 
pattern of C_. ulmi, by the greatest reduction in the production 
of spores and budding spores and increases in the production 
of hyphae. 
The percentage of the C_. ulmi cultures composed of each 
component of the culture also was affected by the water 
soluble portion of hot ethanol extracts of the tissues of 
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spores was greater in media that contained extracts of NL 
390 and NL 496, with the highest percentage in cultures that 
contained NL 496 extracts (Figure 27; Table 99). The per­
centage of budding spores was reduced in response to all 
extracts, but the greatest reduction occurred in response to 
extracts of NL 496 (Figure 28; Table 100). The change of the 
percentage of the germinating spores in the cultures (Figure 
29; Table 101), indicated that the extracts of U. americana 
caused an increase, extracts of NL 496 a slight decrease, and 
extracts of NL 390 a variable response in the percentage of 
germinating spores in the cultures. The percentage data 
indicated an unusually high number of germinating spores in 
the media that contained the extracts of NL 390 tissues that 
were grown on media that contained 6.3% (v/v) culture filtrate, 
treatment, T^ (Figure 29). The percentage of hyphae in the 
cultures was increased in the presence of all extracts but 
was increased most in the presence of NL 496 extracts 
(Figure 30; Table 102). 
These data on the percentage of the culture composed of 
a particular component also indicated that the growth pat­
terns of C^. ulmi were affected by the water soluble portion 
of the ethanol extracts of the tissue cultures of these 
three elms. These data indicated that generally the tissues 
did not appear to respond to the components of the media upon 
which they were grown by differential production of 






























Figure 27. Percentage of spores of C. ulml cultures after a 48 hour exposure to 
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metabolites that would differentially effect the percentages 
of the components of the £. ulmi cultures. Yet, extracts of 
the tissues of the most resistant elm had the greatest effect 
on the percentage make up of the cultures. The extracts of 
NL 496 caused the greatest reductions in percentages of budding 
spores and germinating spores and increases in percentages of 
spores and hyphae (Figures 31, 32, 33) compared to the effects 
of the extracts of the tissues of U. americana and NL 390. 
Considering these data as a whole, the response of the fungus 
appears to be different in the presence of the extracts of 
each tissue, but there is really no good evidence suggesting 
a differential response of the tissue as determined by the 
production of metabolites that would effect C_. ulmi growth. 
Rather the extracts of the tissues derived from the resistant 
elms appeared to cause the greatest upset in growth of C. 
ulmi when compared to growth in cultures containing the 
extracts of U. americana, the susceptible elm. The hot 
ethanol extracts of resistant elms have not been shown to 
possess any fungitoxicity (Elgersma, 1969), but two mano-
somes, that were extractable in hot ethanol and possessed 
fungitoxicity, have been shown to accumulate in elms after 
inoculation but have not been shown to be related to re­
sistance (Overeem and Elgersma, 1970; Elgersma and Overeem, 
1971). Therefore, whether these data on altered C. ulmi 
growth after exposure to the water soluble portion of the hot 
Figure 31 • A view of the hemacytometer showing typical 
growth pattern of C. ulmi when grown in basic 
fungus medium (h=hyphae; s=spore, bs=budding 
spore, line scale equals 50y) 
Figure 32. A view of the hemacytometer showing typical 
growth pattern of Ç. ulmi when grown for 48 
hours in the presence of 50% (v/v) water ex­
tracts of NL 496 tissues (h=hyphae; gs= 
germinating spores, line scale equals 50y) 
Figure 33. A view of the hemacytometer showing typical 
growth pattern of C. ulmi when grown for 48 
hours in the presence of 50% (v/v) water 
soluble portion of the hot ethanol extracts 
of NL 496 tissues (h=hyphae; s=spores, line 
scale equals lOOy) 
Figure 34. A microscopic view of a typical six-week-old NL 
390 suspension culture (line scale equals lOOy) 
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ethanol extracts of the tissue cultures of these three elms 
have any relationship to resistance is unknown. 
The data in these two studies on effects of tissue ex­
tracts on growth of C. ulmi in liquid culture warranted com­
parisons with qualifications. C_. ulmi cultures were given 
a 48 hour exposure to both the water and ethanol extracts of 
the tissues in both of these studies so in this regard the 
studies were similar. However, water extracts were of tissues 
that were produced from expiants that were grown for six 
weeks on media that contained 25% (v/v) culture filtrate or 
its fractions, and the ethanol extracts were of tissues that 
were actively growing when given a four week exposure to 
three concentrations of basic fungus medium or culture fil­
trate. Therefore, the metabolitic potential of the tissues 
in these two studies may have been different at the time of 
the initial exposure to the fungal metabolites, and the ex­
traction procedures may not necessarily be the important 
factor that determined the effects of these extracts on C. 
ulmi growth. With these qualifications in mind, there ap­
peared to be four treatments in these two studies that 
warranted direct comparisons. These include treatments: 
Cg, C. ulmi exposed to 50% (v/v) extracts from tissues grown 
on control medium; Cg, C. ulmi exposed to 50% (v/v) extracts 
of tissues grown on medium that contained 25% (v/v) basic 
fungus medium; and T^, C. ulmi exposed to 50% (v/v) extracts 
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from tissues grown on media that contained 25? (v/v) culture 
filtrate (Figures i5b-3Q). 
Production of spores by C_. ulmi was different in response 
to the water and the ethanol extracts of the tissues. Produc­
tion of spores was enhanced in cultures that contained water 
extracts of U. americana and NL 390 tissues and was slightly 
reduced in cultures that contained water extracts of NL 496 
(Figure 15b). In contrast, all water soluble portions of hot 
ethanol extracts of the tissues reduced spore production, 
with extracts of NL 496 reducing the spore production most 
markedly (Figure 23)• These data suggested that the water 
extracts and the hot ethanol extracts contained different 
materials, and that the water extracts as a whole favored Ç. 
ulmi spore production compared to the hot ethanol extracts. 
The ethanol extracts of all tissues appeared to contain some 
material that reduced spore production or lack some material 
required for spore production. 
Production of budding spores was reduced in cultures ex­
posed to both the water extracts and the water soluble por­
tion of hot ethanol extracts of all three tissues (Figures l6, 
24). But, the extracts of NL 496 caused the greatest reduction. 
These data seemed to indicate that both extracts of all 
tissues contained materials that inhibited budding spore 
production or lack materials necessary for budding spore 
production. 
164 
Production of germinating spores did not appear to be 
effected by water extracts of NL 496 tissues, but the water 
soluble portion of hot ethanol extracts reduced their produc­
tion (Figures 17, 25). Production of germinating spores was 
reduced when C. ulmi was exposed to either extract of NL 390 
tissues, but neither of the extracts of U. americana tissues 
appeared to effect their production. These data suggested 
that the extracts of tissues of U. americana did not contain 
materials that were capable of affecting germinating spore 
production, but that both extracts of NL 390 and the hot 
ethanol extracts of NL 496 contained materials that in­
hibited germinating spore production or lacked materials re­
quired for germinating spore production. 
Production of hyphae was similar in C. ulmi cultures 
whether exposed to the water extracts or the water soluble 
portion of the hot ethanol extracts of NL 390 and NL 496 
tissues (Figures l8, 26). These extracts caused an increase 
in the production of hyphae in the cultures. The water 
extracts of U. americana increased hyphae production and the 
hot ethanol extracts appeared to have little effect on hyphae 
production. These data suggested that both extracts of NL 
390 and NL 496 and water extracts of U. americana contained 
materials that were capable of stimulating hyphae production, 
and hot ethanol extracts of U. americana did not have the same 
capability. 
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Some percentages of components in C_. ulml cultures 
exposed to these two extracts were altered differentially. 
Water extracts of U. americana, NL 390, and NL 496 caused an 
Increase in the percentage of spores, but water extracts 
of NL 496 caused the greatest Increase (Figure 19). Water 
soluble portion of hot ethanol extracts of U. americana 
had no effect on the percentage of spores, but the same ex­
tracts of NL 390 and NL 496 caused an increase in the per­
centage of spores, with extracts of NL 496 causing the 
greatest increase (Figure 27). 
The percentage of budding spores in the cultures was 
reduced in the C_. ulmi cultures that were exposed to either 
the water extracts or the water soluble portion of hot ethanol 
extracts of the tissues (Figures 20, 28). The water extracts 
of U. americana and NL 390 reduced the percentages of budding 
spores more than the water soluble fraction of the hot ethanol 
extracts. Both extracts of NL 496 tissues reduced the per­
centages of budding spores in the cultures more than the 
extracts of U. americana or NL 390. 
The percentage of germinating spores in the cultures of 
C_. ulmi were differentially effected when exposed to these 
two extracts (Figures 21-29). The water extracts of U. 
americana and NL 496 appeared to have little effect on the 
percentage of germinating spores, but the water soluble 
portion of the ethanol extracts of U. americana caused an 
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increase in their percentage while the same extract of NL 
496 caused a reduction in their percentage. Neither extract 
of NL 390 affected the percentage of germinating spores. 
The percentages of hyphae present in the cultures of C. 
ulmi exposed to the water extracts or the water soluble por­
tion of the ethanol extracts of the tissue affected the growth 
of £. ulmi similarly (Figures 22, 30). The production of hy­
phae was increased in the presence of any of the extracts, 
but especially in the presence of NL 496 tissue extracts. 
Production of the components in £. ulmi cultures grown 
in basic fungus medium over a seven day period (Figure 15a), 
indicated that the number of spores present in the cultures 
increased as budding spore production increased. There was 
also the indication that in the first five days, as the 
production of germinating spores increased, the numbers of 
hyphae generally increased. These data (Figure 15a) suggested 
that the number of spores was dependent upon the production 
of budding spores, and number of hyphae present in the cultures 
in the first five days was dependent upon the production, 
and growth of germinating spores. These data, on production 
and percentages of each component in the cultures in the 
studies with tissue extracts seemed to indicate that the 
tissues from the most resistant elm, NL 496, somehow reduced 
budding spore production in the cultures and increased the 
production of hyphae more than the extracts of U. americana 
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susceptible to C. ulmi of NL 390 less resistant than NL 
496 (Table 1). 
However, the direct extrapolation of these data to re­
sistance mechanisms was not warranted. First, these data 
were based on extracts of tissue cultures and whether these 
extracts possess any similarities to metabolites produced in 
intact trees is not known. Secondly, these data were based 
on the production of components of C_. ulmi cultures, and no 
earlier work using this technique of assaying activities of 
extracts on C_. ulmi growth has been done. Yet considering 
that two of the hypothesized resistance mechanisms were based 
in part on fungus growth and reproduction (McNabb et aJ., 
1970), these data seemed most interesting. 
Other studies have shown that Ophiostoma multiannulatum 
morphology changed from budding spores to hyphae in liquid 
cultures under the influence of nutrient deficiencies or 
growth inhibitors, and increased hyphal production has been 
related to an antagonistic effect on DNA synthesis (Hofsten, 
1958, 1963, 1964). Antisporulants also have been suggested 
for use in the control of Verticillium wilt in cotton, and in 
liquid cultures these confounds have been shown to reduce 
spore production and stimulate hyphae production. This ef­
fect also was thought to be mediated by an antagonistic 
effect on DNA synthesis (Keen et al., 1971). Very recently, 
antisporulants have been shown to reduce spore production and 
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increase hyphae production in C. ulmi (Biehn, 1973). 
£. ulmi spreads rapidly in susceptible elms. This rapid 
spread has been attributed to budding of spores, and the 
subsequent spread of these new spores (Banfield, 1941; Kerling, 
1955; Ouellette, 1962a,b; Elgersma, 1969)• The re­
sistant elms appear to be able to restrict the fungus to a 
limited area. This restriction has been related to the 
anatomy of the resistant elms (McNabb et al., 1970; Sinclair 
et al., 1972, 1973). This restriction also may be related 
to the inhibited growth of the fungus due to fungitoxic 
actions of the oxidized phenolics produced in the xylem and 
ray parenchyma cells but no evidence of such compounds has 
been found (Elgersma, 1969; Overeem and Elgersma, 1970; 
Elgersma and Overeem, 1971)• The differences in growth pat­
terns of C_. ulmi in the sap stream of resistant and suscep­
tible hosts are unknown. If the budding phenomenon of the 
spores is important in the rapid development of the systemic 
infection, any factor that might upset this pattern of repro­
duction could be important in resistance to C. ulmi. If 
hyphal growth was stimulated, at the expense of spore produc­
tion, the spread would be much slower, allowing more time 
for the occurrence of host responses such as tylose develop­
ment or the production of antifungal compounds that might 
slow or prevent fungal spread within the tree. These data 
of the effects of tissue extracts on C. ulmi growth in liquid 
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culture are most intriguing in this regard. 
However, there were several other factors to be 
considered in the interpretation of these data. First, there 
was tremendous variability in the growth of the fungus on 
the control media, treatment in these studies (Figures l5b-
30). An agar plug covered with actively growing hyphae of 
C. ulmi served as the Inoculum that was placed in liquid basic 
fungus medium and the fungus grown for 48 hours. Five ml 
samples of this culture were added to 5 ml of experimental 
materials and the numbers of the components of the cultures 
counted 48 hours later. Data from these experiments indi­
cated growth of C. ulmi was altered in the cultures that 
contained the tissue extracts, but variation present in growth 
in the control media may cast some doubt on these data 
(Figures 15-30). Possibly some technique should have been 
devised to standardize the cultures before extract addition 
so that there would have been equal numbers of each component 
in the cultures. Counts of components or spectrophoto-
metric readings (Hock e^ a^., 1968) followed by dilutions with 
sterile basic fungus medium to make the cultures more uniform 
might have helped, but any manipulations would have greatly 
increased the potentiality of contamination in the culture 
and this could have been most serious. However, even with 
dilutions, there still would have been difficulties in making 
the numbers of each component equal from experiment to 
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experiment, due to variability of production of these 
components (Figure ISa-rSO) . 
Second, the counting technique employed, the Hemacyto­
meter, may have caused some erroneous counts. Counting with 
a Hemacytometer is very tedious and time consuming, and accu­
racy decreased as the length of time involved in counting 
increased. Due to this time problem the three flasks that 
contained C_. ulml cultures of a particular treatment in these 
studies were pooled into one flask and a sample of this pooled 
culture counted. All data and interpretations of the data 
were based on this pooled culture. The uniformity of the 
counts within an unpooled flask would probably have been 
greater than the counts in the pooled flasks therefore making 
data more reliable. However, when the flasks were pooled 
to reduce counting fatigue, counting still often took 8-12 
hours making pooling necessary. 
There were large variances present in the counts of 
components of all the pooled flasks, and the variances 
Increased as the numbers of counted components increased. 
Therefore, the numbers of the components were converted into 
the logary:hms for the analysis of variances, thus reducing 
the variances and making the analysis more meaningful. At­
tempts were made to use a Coulter counter, but due to variable 
growth patterns of C. ulml in liquid culture, i.e: spores; 
budding spores; hyphae; etc. (Figures 31, 32, 33), the re-
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suits also were very unreliable. If some mechanical counting 
device could be developed, the results might be more accu­
rate and thus more meaningful and the fatigue of counting 
would be reduced thus stimulating additional studies. 
Third, when counts were made, one large hyphae was 
counted as "one" as was one spore. These count data there­
fore did not take into account the volume or mass of the 
culture that was composed of particular components. Filtering 
the cultures to separate the hyphae and germinating spores 
from the spores and budding spores and determining dry weights 
of these filtered components might also have given some inter­
esting results. This technique has been used with studies 
of antisporulants in Verticlllium (Keen e^ al_. , 1971) • 
Whether this type of differential filtration would be possible 
is not known, although earlier workers apparently did measure 
the amount of hyphae present in C_. ulmi cultures (Frederick 
and Howard, 1951). This filtering technique however, probably 
could not be used to separate the spores from the budding 
spores, and the count data indicated that these alterations 
may be most interesting. 
Fourth, growing C_. ulmi in the basic fungus medium in 
shake culture may not have been most desirable in these 
studies. The concentrations of components of xylem sap have 
been shown to be quite low (Singh and Smalley, 1969a, 1969b, 
1969c). Earlier work has shown C. ulmi produced 19 x 10^ 
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spores per ml in nine days In American elm xylem sap (Kessler, 
1966), while In the basic fungus medium used in these studies 
the spore numbers reached 500-700 x 10^ per ml in four days 
(Figure 15a). Even with this relatively rich medium the ex­
tracts of the tissues altered the growth patterns of C. ulmi. 
What the alterations might have been in a more dilute medium 
is not known. Oxygen tensions would probably be much dif­
ferent in xylem sap than In shaker grown cultures. What 
effect this would have on C_. ulmi growth patterns is not 
known, and what effects the tissue extracts would have under 
these tensions also is not known. 
All of these data suggested that the extracts of the 
tissues contained materials that upset growth patterns of 
C_. ulmi. However, the upset growth patterns also could be 
interpreted as being caused by the dilution of the basic 
fungus medium. This dilution caused reduction in nutrients 
available in the media, thus causing altered growth. A 
change in morphology from budding spores to hyphae has been 
shown to occur in cultures of 0. multiannulatum under the 
influence of nutrient deficiencies (Hofsten, 1958, 1963, 
1964). To determine whether this dilution of the medium 
was Important in altered growth of C. ulmi, a study was 
initiated in which the basic fungus medium was diluted 50% 
(v/v) with distilled water and counts of components were 
made 48 hours later. 
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Effects of distilled water on growth of C. ulml In liquid 
cultures 
Growth of Ç. ulml^ as determined by production of the 
components in the liquid cultures, was altered when the 
fungus was grown for 48 hours in the presence of 50% (v/v) 
distilled water. The production of spores, budding spores, 
and germinating spores did not appear to be effected by the 
50? (v/v) dilution with distilled water (Figures 35» 36). 
However, the production of hyphae was stimulated markedly 
in the cultures exposed to 50% (v/v) distilled water. There 
did not appear to be any differences in the percentages of 
spores, budding spores or germinating spores in response to 
the dilution with distilled water, but the percentage of 
hyphae was much greater in the cultures that were diluted 
with distilled water. The increase in hyphae in these 
Ç. ulml cultures may be related to nutrient deficiencies as 
has been observed with 0. multiannulatum (Hofsten, 1958, 1963j 
1964). 
These data seem to indicate that the alterations in 
hyphae production observed in cultures that were exposed to 
tissue extracts may have been due to the dilution of the 
basic fungus medium. However, these data showed that the 
alteration in the other components observed in the cultures 
exposed to tissue extracts were not due to the dilution of the 
medium. This study added support to the importance of the 
control of the budding phenomena as it might relate to the 
Figure 35. Numbers of each component of liquid grown 
C_. ulmi grown for 48 hours in media diluted 
with 50% (v/v) water 
Figure 36. Percentage of each component of liquid grown 
C. ulmi grown for 48 hours in media diluted with 
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spread of C_. ulml within susceptible and resistant elms. 
The extracts of these tissues must contain material(s) 
that reduced bud formation and further studies determining 
what may control this phenomena are needed. 
Suspension Cultures 
Suspension cultures of U. americana, NL 390, and NL 496 
were successfully established (Figure 3%). The cultures were 
composed of small clumps of cells or single cells. The 
cultures grew very slowly, commonly requiring six to eight 
weeks to achieve much growth. Several modifications of 
basic tissue medium were used in an attempt to increase 
growth. The best growth was achieved in media that contained 
1.0 mg/1 lAA, 0.40 mg/1 kinetin and 500 mg/1 casine hydroly-
sate. 
Effects of culture filtrate on respiration of suspension 
cultures of U. americana, NL 390, and NL 496 
Suspension cultures of U. americana, NL 390, and NL 496 
had very different respiration rates (Figures 37a 38). Sus­
pension cultures of U. americana had the lowest rates and NL 
390 suspension cultures the greatest. When the cultures were 
exposed to basic fungus medium, the respiration rates were 
reduced. In contrast, respiration rates of suspension cul­
tures exposed to C. ulml culture filtrate Increased compared 
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to their rates in the presence of the basic fungus medium. 
Respiration rates of NL 390 and NL 496 after 24 hour exposure 
to culture filtrate were at nearly normal rates, where as 
repiration rates of U. americana were greater than normal 
(Figure 38). These data indicate U. americana cells in sus­
pension culture respond differently to the presence of C. 
ulmi culture filtrate than cells of NL 390 or NL 496. 
Increased respiration rates of disease free leaves from 
infected American elms has been reported. A systemic fungal 
metabolite(s) was suggested as being responsible for this 
increased respiration (Landis and Hart, 1972). Cells of 
U. americana in suspension culture also appeared to 
respond to fungal metabolites by increased respiration 
rates. 
One of the problems with the studies on effects of cul­
ture filtrate and its fractions on growth of U. americana, 
NL 390, and NL 496 tissues was that growth, as determined 
by wet weights, was measured six weeks after initial tissue 
exposure. These differences in growth may not have been a 
good indication of true response of the cells to the culture 
filtrates. In this study using suspension cultures some 
effects of the filtrate could be measured in 24 hours. 
Parenchyma cells In intact trees have been shown to respond 
within 24 hours (MacDonald, 1970). Whether the responses as 
determined by respiration rates in suspension cultures and 
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responses as determined by the electron microscopy in intact 
trees have any relationship to one another is not known. 
But, by using suspension cultures, the reactions of host 
cells to fungal metabolites may be studied in time intervals 
that may be quite realistic. One other problem with these 
very preliminary data, was that the number of cells per unit 
volume was not standardized. Therefore, the differences in 
respiration rates in the control media probably can best be 
accounted for by differences of cell numbers, therefore each 
cell in these cultures was not exposed to equal amounts of 
culture filtrate. Secondly, these cultures grew very slowly, 
cultures used in these studies were six to eight weeks old, 
and in order to repeat this regularly, an improved media 
for suspension culture growth would have to be developed. 
Figure 37. Respiration rates of suspension 
cultures of U. amerlcana, NL 
390, and NL ÏÏ"96 after a 24 hour 
exposure to basic fungus medium 
and culture filtrate 
Figure 38. Ratio of respiration 
rates of suspension cul­
tures ofU. amerlcana, NL 
390, and NL 496 after a 
48 hour exposure to basic 
fungus medium and culture 
filtrate 
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Tissue cultures of elms with varying resistance to Dutch 
elm disease were relatively easy to establish into tissue 
culture using succulent split stem sections placed on media 
that contained 10% coconut milk. Even though a high per­
centage of stem sections were lost due to contamination, 10% 
coconut milk in the media resulted in callus production on 
the noncontaminated stem sections that had the best chance 
of survival when transferred onto tissue culture media. 
U. americana, U. pumila, NL P275j NL 1, NL 49, NL 202, NL 
296, NL 390, NL 494, and NL 496 were successfully established 
in culture and grew either as firm, white cultures or as off-
white to tan soft, friable cultures. Xylem elements were 
present in both firm and friable tissues but were more common 
in the firm cultures. Tissues of two of the elms, NL P275 
and NL 494 produced abundant roots initially after being 
established in culture, but both tissues have lost this 
characteristic after numerous subcultures. Large numbers of 
cells that contained material that stained Intensely with 
safranin were observed in sectioned material. 
Growth of tissues as determined by subjective growth 
evaluations, wet weights, and dry weights generally Increased 
when coconut milk was added to the basic tissue medium. These 
2 growth studies, 6 factorial experiments with six levels of 
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coconut milk and initial pH, also indicated that the effect 
of initial pH of the media changed as the concentration of 
coconut milk in the media changed. Generally growth of the 
tissues increased as the concentration of coconut milk reached 
15% to 255? depending upon the selection of elm tissue. Uni­
form "mother cultures" were selected to serve as the source 
of expiants in these studies. In the first five studies 
with NL 390, NL 494, NL 202, NL 296, and NL 496 tissues, no 
attempt was made to randomize either the "mother cultures" or 
the media upon which the expiants were transferred onto be­
cause of this uniformity. Yet, growth of these tissues 
showed variation that could not be explained by either the 
concentration of coconut milk in the media or the initial 
pH of the media. The last growth study with U. americana 
tissues therefore included complete randomization of "mother 
cultures" and experimental media. Results indicated that 
the "mother culture" that served as the source of expiants 
had a marked effect on the growth potential of the tissues. 
Percentage dry weight, one of the criteria selected to 
evaluate growth of tissues seemed to show a negative response 
to the presence of coconut milk in the media. Increased sub­
jective growth evaluations, increased wet weights, and commonly 
increased dry weights of the tissues caused reduced per­
centage dry weight. The negative correlation between 
percentage dry weight and the other growth criteria mentioned. 
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seemed to indicate that subjective growth evaluations, and 
wet weight were a measure of moisture content of the tissues. 
This seemed to indicate that these growth criteria may have 
been a measure of cell expansion rather than a measure of 
cell numbers. 
Ceratocystis ulmi grew and sporulated on tissue cultures 
that were derived from both resistant and susceptible elms. 
C. ulmi also grew and sporulated equally well on media that 
had supported growth of tissues derived from both susceptible 
and resistant elms. The results of these two studies led 
to searches for other methods of using tissue cultures of 
resistant and susceptible elms to study the host-parasite 
Interaction. 
A study was initiated in which 255? (v/v) culture filtrate 
of C_. ulmi and its fractions were added to the basic tissue 
medium in an attempt to determine which fraction of the culture 
filtrate would effect the growth of tissues derived from U. 
americana, susceptible to Dutch elm disease, and NL 390 
and NL 496 both resistant to Dutch elm disease. The culture 
filtrate was extracted to give fractions that had been shown 
to possess toxicity to susceptible elm shoots. The growth 
of the tissues in this study indicated that growth did not 
appear to be affected in any observable pattern with regard 
to the fractions that supposedly possessed the toxic component 
of the culture filtrate. However, NL 496 tissues did appear 
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to respond differently to the crude culture filtrate than 
either U. americana or NL 390 tissues. 
Three concentrations, 25% (v/v), 12.5% (v/v), and 6.3% 
(v/v)a of culture filtrate were added to the basic tissue 
medium that was supporting actively growing tissues of U. 
americana, NL 390, and NL 496. Four weeks later, wet weights 
were determined. Growth of U. americana was reduced on all 
media that contained added materials. Growth of NL 390 and 
NL 496 tissues was reduced only in the presence of culture 
filtrate. These data seemed to indicate that actively grow­
ing tissues of resistant and susceptible elms may have the 
ability to respond differentially. Growth of tissues de­
rived from both resistant elms, NL 390 and NL 496, was not 
inhibited on media that contained basic fungus medium as 
was the growth of tissues of U. americana. Tissues of all 
three elms were reduced on media that contained culture 
filtrate. 
In order to determine whether the tissues of U. ameri­
cana, NL 390, and NL 496 would respond to the presence of 
fungal metabolites in the media upon which they were grown 
by the production of materials that might differentially 
effect the growth of C_. ulmi, water and hot ethanol extracts 
were made of the tissues. These extracts were added, 50% 
(v/v), to two-day-old C. ulmi cultures, and counts of the 
components of the culture made 48 hours later. C. ulmi 
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growth patterns were upset by both the water and the water 
soluble portion of the hot ethanol extracts. The number of 
budding spores present in the cultures was markedly reduced 
in cultures exposed to the tissue extracts. The presence 
of fungal metabolites in the media that had supported tissue 
growth did not appear to,cause the tissues to produce any 
materials that differentially effected C. ulmi growth. The 
most marked upset, the reduction in budding spores, was caused 
by the extracts of the tissues derived from the most resistant 
elm used in these studies, NL ^96. Dilution of the C. ulmi 
culture with 50% (v/v) water had no effect on the number of 
budding spores in the cultures. Since the rapid production 
of budding spores is responsible for the rapid spread of 
C_. ulmi within susceptible trees, and since resistant elms 
apparently can isolate the fungus, the greatest reduction in 
budding spores caused by the extracts of tissues of the most 
resistant elm present some interesting ideas for speculation 
on resistance mechanisms. 
Suspension cultures of U. amerlcana, NL 390, and NL 496 
tissues were established. Growth of these cultures was slow 
and required some media modifications. Incorporation of 1/3 
(v/v) culture filtrate from four-day-old C. ulmi cultures 
caused the respiration rate of U. americana suspension 
cultures to increase more than the suspension cultures of 
NL 390 or NL U96. 
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Yet, even though tissue cultures may be a simpler system 
to use in the study of host-parasite interactions in Dutch 
elm disease than the Intact plant, tissue cultures have not 
been used extensively for these types of studies. Therefore, 
the responses of the tissue cultures to the pathogen and its 
metabolites, and the responses of the pathogen to the tissue 
cultures and their metabolites can only be conjectured as 
indicating the presence of interactions in the intact plant. 
The fact that culture filtrate of Ç. ulmi may cause different 
growth responses on the tissues of resistant and susceptible 
elms and that C_. ulml growth patterns may be altered more 
markedly in the presence of the tissue extracts of the most 
resistant elm, does not warrant the extrapolation of these 
data directly to resistance mechanisms. But, these types of 
studies may shed some light on possible interactions of the 
host and pathogen that could have significance in the intact 
system. The data showing very altered growth pattern of 
C. ulml in the presence of the tissue extracts of the most 
resistant elm would lead one to conclude that If the growth 
pattern of C_. ulmi was altered in the sap stream of resistant 
elms, and if one understood the mechanism of the control of 
these growth patterns, then possibly a type of resistance 
mechanism might be known. If one understood what factor(s) 
in the culture filtrate of £. ulml altered the respiration 
rates of the suspension cultures of U. amerlcana proportionally 
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more than the respiration rates of the suspension cultures 
of the resistant elms, and what caused actively growing U. 
americana tissues to respond differently to the culture 
filtrate than the actively growing tissues of resistant 
elms as determined by wet weights, then more knowledge of 
the mechanisms of host responses and their implications might 
be available. In these general terms, the original objectives 
of this research were achieved. 
With the successful initiation of tissue cultures, that 
may successfully be used to study the host-parasite inter­
action, new and unforseen problems have arisen. The meta­
bolic variability between apparently uniform "mother cultures" 
may be the most important. The "mother cultures" affected 
all growth criteria in the growth studies and the final pH 
of the media upon which the tissues were grown. Yet, for 
analysis of data on growth response of the tissues to C_. ulmi 
culture filtrates, the best type of data was lacking because 
of the lack of complete randomization of "mother cultures". 
Therefore, statements of the apparent effect of culture fil­
trate on the tissues or the effect of these tissue extracts 
on the fungus, can only be made with reservations because of 
this source of variability. With this reservation in mind, 
I do feel that the responses of actively growing tissues to 
culture filtrate and the effect of the tissue extracts on 
the fungus were real. 
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Hopefully, some of these data can be included as part of 
the total Dutch elm disease host-parasite interaction picture. 
Hopefully some of these data may stimulate new research con­
cerning resistance to and control methods for Dutch elm 
disease that may be useful for the preservation of a tree 
genus, some of which are adaptable and could be very valuable 
in our expanding urban environment. If any of these experi­
mental results and the discussion presented in this thesis 
are any value, it is my hope, that the "average" person would 
be the ultimate recipient. If this ever occurs in any way, 
I will feel that this study would have been successful. 
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APPENDIX A 
The following 34 analysis of variance tables are con­
cerned with the criteria used to evaluate growth of NL 390, NL 
494, NL 202, NL 296, NL 496 and U. americana tissues on media 
with six levels of coconut milk, and initial pH. 
Legend : 
Milk (M) main effect of coconut milk; 
(Mj_) linear component of coconut milk effect; 
(MQ )  quadratic component of coconut milk effect ; 
pH (pH) main effect of initial pH; 
(PHl )  linear component of initial pH effect; 
(pHg) quadratic component of initial pH effect ; 
Milk X  pH interaction between coconut milk and initial pH. 
Table 4l. Analysis of variance of subjective growth evaluations of NL 390 
t i s sue  cul tures  
Source d.f. S.S. M.S. P Prob. P 
Milk (M) 5 232.06 46.41 140.637 P(>F)<.005 
Linear (M^) 1 176.47 176.47 534.758 P(>P)<.005 
Quad (Mg) 1 55.16 55.16 167.152 P(>P)<.005 
Lack of Fit 3 0.43 0.14 0.425 .250<P(>P) 
pH (pH) 5 5.77 1.15 3.485 .005<P(>P)<.010 
Linear (pHj^) 1 4.13 4.13 12.516 P(>P)<.005 
Quad (PHQ) 
Lack of Fit 
1 0.07 0.07 0.213 .250<P(>P) 
3 1.57 0.52 1.576 .100<P(>F)<.250 
Milk X pH 25 28.67 1.15 3.485 P(>F)<.005 
(M^) X (pHj^) 1 11.13 11.13 33.728 P(>P)<.005 
(Mj^) X (PHQ) 
(MQ) X (pH^) 
(MQ) X (pHg) 
1 0.52 0.52 1.576 .100<P(>P)<.250 
1 0.09 0.09 2.735 .100<P(>P)<.250 
1 3.92 3.92 11.879 P(>P)<.005 
Lack of Pit 21 13.02 0.62 1.879 .010<P(>P)<.025 
Error 173 56.22 0.33 
Total 208 322.74 




5,5. M.S. F Prob. F 
Milk (M) 5 76.55 15.31 32.93 P(>F)<.005 
Linear (M^) 1 47.38 47.38 101.91 P(>F)<.005 
Quad (MQ) 1 14.95 14.95 32.16 P(>P)<.005 
Lack of Fit 3 14.22 4.74 10.20 P(>F)<.005 
pH (pH) 5 6.81 1.36 2.93 .010<P(>F)<.025 
Linear (pHj^) 1 0.34 0.34 0.73 .250<P(>F) 
Quad (pHg) 1 3.97 3.97 8.54 P(>F)<.005 
Lack of Fit 3 2.50 0.83 1.79 .100<P(>F)<.250 
Milk X pH 25 20.97 0.84 1.81 .010<P(>P)<.025 
(M^) X (pH^) 1 0.97 0.97 2.09 .100<P(>P)<.250 
("l) J' (PHg) 1 8.30 8.30 17.85 P(>F)<.005 
(MG) X (pHj_) 
(MQ) X PHQ) 
Lack of Fit 
1 0.91 0.91 1.96 .100<P(>F)<.250 
1 0.82 0.82 1.76 .100<P(>F)<.250 
21 9.97 0,47 1.01 .250<P(>F) 
Error 178 82.76 0.47 
Total 213 187.08 
Table 43. Analysis of variance of subjective growth evaluations of NL 202 
tissue cultures 
Source d.f. 8.8. M.S. F Prob. F 
Milk (M) 5 27.269 5.454 24.026 P(>P)<.005 
Linear (M^) 1 15.509 15.509 68.333 P(>F)<.005 
Quad (Mq) 1 4.546 4.546 20.026 P(>F)<.005 
Lack of Fit 3 7.214 2.405 10.595 P(>P)<.005 
pH (pH) 5 4.242 0.848 3.736 P(>F)<.005 
Linear (pHj^) 1 0.772 0.772 3.401 .050<P(>P)<.100 
Quad (PHq) 1 2.459 2.,459 10.833 P(>F)<.005 
Lack of Fit 3 1.011 0.337 1.485 .100<P(>P)<.250 
Milk X pH 25 35.319 1.413 6.225 P(>P)<.005 
(M^) X (pH^) 1 2.743 2.743 12.084 P(>F)<.005 
(Mj_) X (pHg) 1 0.166 0.166 0.731 .250<P(>P) 
(Mg) X (PH^) 1 2.192 2,192 9.656 P(>P)<.005 
(Mg) X (pHg) 1 0.112 0.112 0.493 .250<P(>P) 
Lack of Fit 21 30.135 1.435 6.322 P(>F)<.005 
Error 179 40.700 0.227 
Total 214 107.530 




s.s. M.S. F Prob. F 
Milk (M) 5 182.542 36.508 129.004 P(>F)<.005 
Linear (M^) 1 152.375 152.375 538.428 P(>F)<.005 
Quad (MQ) 1 17.720 17.720 62.615 P(>F)<.005 
Lack of Fit 3 12.447 12.447 14.661 P(>P)<.005 
pH (pH) 5 20.943 4.189 14.802 P(>F)<.005 
Linear (pH^) 1 2.710 2.710 9.576 P(>F)<.005 
Quad (pHg) 1 7.959 7.959 28.124 P(>F)<.005 
Lack of Fit 3 10.814 10.814 12.739 P(>F)<.005 
Milk X pH 25 49.770 1.991 7.035 P(>F)<.005 
(Mj^) X (pH^) 1 11.792 11.792 41.668 ?(>?)<.005 
(M^) X (pHg) 
(MQ> X (PH^) 
1 0.155 0.155 0.548 .250<P(>F) 
1 1.594 1.594 5.633 .010<P(>P)<.025 
(Mg) X (pHg) 
Lack of Fit 
1 0.003 0.003 0.011 .250<P(>F) 
21 36.226 1.725 6.095 P(>F)<.005 
Error 170 48.163 0.283 
Total 205 301.417 




8 . 8 .  M.S. P Prob. P 
Milk (M) 5 37.994 7.599 29.684 P(>F)<.005 
Linear (Mj^) 1 29.052 2 9 . 0 5 2  113.484 P(>F)<.005 
Quad (MQ) 1 0 . 1 9 2  0 . 1 9 2  0.750 .250<P(>F) 
Lack of Fit 3 8.750 2 . 9 1 7  11.395 P(>F)<.005 
pH (pH) 5 3.361 0 . 6 7 2  2 . 6 2 5  .025<P(>P)<.050 
Linear (pH^) 1 2 . 6 7 9  2 . 6 7 9  10.465 P(>P)<.005 
Quad (pHg) 1 0.334 0.334 1 . 3 0 5  .250<P(>P) 
Lack of Fit 3 0.348 0 . 1 1 6  0.453 .250<P(>F) 
Milk X pH 25 6 2 . 9 7 2  2 . 5 1 9  9.840 P(>F)<.005 
( M ^ )  X ( p H j ^ )  1  10.994 10.994 42.945 P(>P)<.005 
( M ^ )  X ( p H g )  
(MQ) X ( p H j ^ )  
(MQ) X (pHg) 
1 1 . 8 7 8  1 . 8 7 8  7.336 P(>F)<.005 
1 4.556 4.556 17.797 P(>F)<.005 
1 0 . 0 5 6  0 . 0 5 6  0 . 2 1 9  .250<P(>F) 
Lack of Pit 21 45.488 2 . 1 6 6  8.461 P(>P)<.005 
Error 144 3 6 . 9 0 0  0 . 2 5 6  
Total 179 141.228 




s . s .  M.S. P  Prob. P 
Milk (M) 5  1 4 . 2 2  2 . 8 4  1 8 . 9 4  P ( > P ) < . 0 0 5  
Linear (M^) 1  6 . 1 9  6 . 1 9  4 1 . 2 7  P ( > P ) < . 0 0 5  
Quad (MQ) 1  0 . 7 4  0 . 7 4  4 . 9 4  . 0 2 5 < P ( > P ) < . 0 5 0  
Lack of Pit 3  7 . 2 9  2 . 4 3  1 6 . 2 0  P ( > P ) < . 0 0 5  
pH (pH) 5  2 . 3 9  0 . 4 8  3 . 2 0  . 0 1 0 < P ( > P ) < . 0 2 5  
Linear (pHj^) 1  1 . 4 2  1 . 4 2  9 . 4 7  P ( > P ) < . 0 0 5  
Quad (pHg) 1  0 . 3 5  0 . 3 5  2 . 3 4  . 1 0 0 < P ( > P ) < . 2 5 0  
Lack of Pit 3  0 . 6 2  0 . 2 1  1 . 4 0  . 1 0 0 < P ( > P ) < . 2 5 0  
Milk X pH 2 5  9 . 4 0  0 . 3 8  2 . 5 4  P ( > P ) < . 0 0 5  
(M^) X (pHj^) 1  0 . 3 5  0 . 3 5  2 . 3 4  . 1 0 0 < P ( > P ) < . 2 5 0  
(M^) X (PHQ) 
(MQ) X (pH^) 
1  0 . 9 0  0 . 9 0  6 . 0 0  . 0 1 0 < P ( > P ) < . 0 2 5  
1  1 . 5 5  1 . 5 5  1 0 . 3 4  P ( > P ) < . 0 0 5  
(MQ) X (pHg) 
Lack of Fit 
1  0 . 5 3  0 . 5 3  3 . 5 4  . 0 2 5 < P ( > P ) < . 0 5 0  
2 1  6 . 0 7  0 . 2 9  1 . 9 4  . 0 1 0 < P ( > P ) < . 0 2 5  
Error 173 2 5 . 6 9  0 . 1 5  
Total 208 5 1 . 7 0  




8.8. M.8. F Prob. F 
Milk (M) 5 73.853 14.711 36.504 P(>F)<.005 
Linear (M^) 1 1.772 1.772 4.397 .025<P(>P)<.050 
Quad (MQ) 1 33.563 33.593 83.358 P(>F)<.005 
Lack of Pit 3 38.518 12.840 31.861 P(>F)<.005 
pH (pH) 5 4.746 0.950 2.358 .025<P(>F)<.050 
Linear (pH^) 1 0.170 0.170 0.422 .250<P(>P) 
Quad (pHQ) 1 0.411 0.411 1.020 .250<P(>F) 
Lack of Pit 3 4.165 1.389 3.447 .oio<p(>p)<.025 
Milk X pH 25 29.799 1.192 2.958 P(>F)<.005 
(M^) X (pH^) 1 6.077 6.077 15.080 P(>F)<.005 
(M^) X (pHQ) 
(Mg) X (pHj^) 
1 2.860 2.860 7.097 .005<P(>P)<.010 
1 0.945 0.945 2.345 .100<P(>F)<.250 
(Hg) X (pHg) 
Lack of Fit 
1 3.237 3.237 8.033 . 005<P(>F)<. 010 
21 16.680 0.795 1.973 .010<P(>F)<.025 
Error 178 71.700 0.403 
Total 213 180.098 
Table 48. Analysis of variance of subjective color evaluations of NL 202 
tissue cultures 
Source d.f. S.S. M.S. F Prob. F 
Milk (M) 5 105.380 2 1 . 0 7 6  92.846 P(>F)<. 0 0 5  
Linear (M^) 1 83.649 83.649 3 6 8 . 4 9 8  P(>P)<.005 
Quad (MQ) 1 5.761 5.761 25.379 P(>P)<.005 
Lack of Fit 3 15.969 5.323 23.449 P(>F)<.005 
pH (pH) 5 25.487 5.097 22.454 P(>F)<.005 
Linear (pHj^) 1 22.669 2 2 . 6 6 9  99.863 P(>F)<.005 
Quad (PHQ) 1 0.054 0 . 0 5 4  0 . 2 3 8  .250<P(>F) 
Lack of Fit 3 2.764 0 . 9 2 1  4.057 .005<P(>F)<.010 
Milk X pH 25 45.996 1.840 8 . 1 0 6  P(>F)<.005 
(Mj^) X (pH^) 1 0 . 3 6 1  0 . 3 6 1  1.590 .100<P(>F)<.250 
(M^) X (PHQ) 1 2.499 2.499 1 0 . 7 8 9  P(>F)<.005 
(MQ) X (PH^) 1 2 . 8 5 9  2 . 8 5 9  12.959 P(>F)<.005 
(MQ) X (PHQ) 1 6.363 6. 3 6 3  2 8 . 0 3 1  P(>F)<.005 
Lack of Fit 21 33.964 1 . 6 1 7  7.123 P(>F)<.005 
Error 179 41.408 0 . 2 2 7  
Total 214 2 1 8 . 2 7 2  
Table 49» Analysis of variance of subjective color evaluations of NL 296 
tissue cultures 
Source d.f. S.S. M.S. P Prob. P 
Milk (M) 5 2 8 1 . 8 1 6  56.363 253.887 P(>P)<.005 
Linear (M^) 1 272.203 272.203 1226.140 P(>P)<.005 
Quad (MQ) 1 8.723 8 . 7 2 3  39.293 P(>P)<.005 
Lack of Pit 3 0 . 8 9 0  0 . 2 9 7  1.338 .250<P(>F) 
pH (pH) 5 25.045 5.009 22.563 ?(>?)<.005 
Linear (pH^) 1 22.504 22.504 101.369 ' P(>P)<.005 
Quad (pHq) 1 0 . 0 9 8  0.098 0.441 .250<P(>P) 
Lack of Pit 3 2.443 0.814 3 . 6 6 7  .010<P(>F)<.025 
Milk X pH 25 49.770 1.991 8 . 9 6 8  P(>P)<.005 
(M^) X (pHj^) 1 0.148 0.148 0 . 6 6 7  .250<P(>P) 
(M^) X (pHg) 1 5.298 5 . 2 9 8  2 3 . 8 6 5  P(>P)<.005 
(MQ) X (pH^) 1 0.010 0.010 0.045 .250<P(>P) 
(MQ) X (pHg) 1 2.193 2.193 9 . 8 7 8  P(>P)<.005 
Lack of Pit 21 42.121 2 . 0 0 6  9.036 
Error 170 37.725 0.222 
Total 2 0 5  398.089 




8 . 8 .  M.S. P Prob. F 
Milk (M) 5 91.324 1 8 . 2 6 5  1 2 1 . 7 6 7  P(>F)<.005 
Linear (M^) 1 41.581 41.581 2 7 7 . 2 0 7  P(>P)<.005 
Quad (M q) 1 33.143 33.143 220.953 P(>P)<.005 
Lack of Fit 3 16.600 5.533 3 6 . 8 8 7  P(>F)<.005 
pH (pH) 5 1.640 0 . 3 2 8  2.187 .050<P(>F)<.100 
Linear (pH^) 1 0.310 0 . 3 1 0  2 . 0 6 7  .100<P(>P)<.250 
Quad (PH q) 1 1.177 1.177 7.847 P(>P)<.005 
Lack of Fit 3 0.213 0 . 0 7 1  0.473 .250<P(>P) 
Milk X pH 25 50.818 2 . 0 3 3  13.553 P(>P)<.005 
(M^) X (pH^) 1 8.505 8 . 5 0 5  5 6 . 7 0 0  P(>P)<.005 
(M^) X (pHg) 
(WQ)  X  < PHL> 
1 0.691 0 . 6 9 1  4 . 6 0 7  .025<P(>P)<.050 
1 1.631 1 . 6 3 1  10.873 P(>F)<.005 
(MG) X (PHG) 
Lack of Fit 
1 0.002 0.002 0.013 .250<P(>P) 
21 39.989 1.904 1 2 . 6 9 3  P(>F)<.005 
Error 144 21.600 0 . 1 5 0  
Total 179 1 7 0 . 3 8 2  
Table 51. Analysis of variance of wet weights of NL 390 tissue cultures 
Source d.f 
• 
8.8. M.S. P Prob. P 
Milk (M) 5 10957.20 2191.44 1 2 1 . 6 1 2  P(>P)<. 0 0 5  
Linear (M^) 1 9256.55 9256.55 5 1 3 . 6 8 2  P(>P)<. 0 0 5  
Quad (MQ) 1 1171.57 1171.57 6 5 . 0 1 5  P(>P)<.005 
Lack of Pit 3 529.08 1 7 6 . 3 6  9.787 P(>P)<. 0 0 5  
pH (pH) 5 221.87 44.38 2.463 .025<P(>P)<.050 
Linear (pH^) 1 78.25 7 8 . 2 5  4.342 .025<P(>P)<.050 
Quad (PHQ) 1 6 3 . 8 6  63.86 3.544 .050<P(>P)<.100 
Lack of Pit 3 79.76 26.59 1.476 . i o o < p ( > p ) < . 2 5 0  
Milk X pH 25 1751.78 7 0 . 0 8  3 . 8 8 9  P(>P)<. 0 0 5  
(M^) X (pH^) 3. 238.46 258.46 14.343 P(>P)<.005 
(M^) X (PHQ) 
(MQ) X (PHJ^) 
(MQ) X (PHQ) 
Lack of Pit 
1  35.35 35.35 1 . 9 6 2  .100<P(>P)<.250 
1 13.57 13.57 0.753 .250<P(>F) 
1 5 1 0 . 9 8  5 1 0 . 9 8  2 8 . 3 5 6  P(>P)<.005 
21 953.42 44.45 2.467 P(>F)<.005 
Error 173 3116.44 1 8 . 0 2  
Total 208 16047.29 
Table 52. Analysis of variance of wet weights of NL ^9^ tissue cultures 
Source d.f 
• 
8.8. M.S. F Prob. F 
Milk (M) 5 5224.20 1044.84 70.17 P(>P)<.005 
Linear (Mj^) 1 3856.53 3856.53 259.01 P(>F)<.005 
Quad (Mq) 1 1093.89 1093.89 73.47 P(>P)<.005 
Lack of Fit 3 2737.80 912.60 61.30 P(>F)<.005 
pH (pH) 5 184.90 36.98 2.49 .025<P(>F)<.050 
Linear (pH^) 1 103.83 103.83 6.98 .005<P(>P)<.010 
Quad (pHq) 1 45.35 45.35 3.05 .050<P(>F)<.100 
Lack of Fit 3 35.72 11.91 0.80 .250<P(>F) 
Milk X pH 25 1221.71 48.87 3.29 P(>P)<.005 
(Mj.) X (pH^) 1 19.73 19.73 1.33 .250<P(>P) 
(M^) X (PHQ) 
(MQ) X (pHj^) 
(Mq) X (pHQ) 
Lack of Fit 
1 313.75 313.75 21.08 P(>P)<.005 
1 18.26 18.26 1.23 .250<P(>F) 
1 25.76 25.76 1.73 .100<P(>F)<.250 
21 844.21 40.20 2.70 P(>F)<.005 
Error 178 2651.21 14.89 
Total 213 9282.02 
Table 53» Analysis of variance of wet weights of NL 202 tissue cultures 
Source d.f 
• 
8.8. M.S. F Prob. P 
Milk (M) 5 74.962 14.992 8.060 P(>P)<.005 
Linear (M^) 1 36.727 36.727 19.746 P(>F)<.005 
Quad (Mq) 1 5.178 5.178 2.784 .050<P(>F)<.100 
Lack of Fit 3 33.057 11.019 5.924 P(>P)<.005 
pH (pH) 5 80.566 16.113 8.663 P(>F)<.005 
Linear (pH^) 1 27.583 27.583 14.830 P(>F)<.005 
Quad (pHg) 1 30.901 30.901 16.613 P(>P)<.005 
Lack of Fit 3 22.082 7.361 3.958 .005<P(>P)<.010 
Milk X  pH 25 165.487 6.619 3.559 P(>F)<.005 
(M^) X  (pH^) 1 16.238 16.238 8.730 P(>P)<.005 
(M^) X  (pHg) 
(Mq )  X  (pH^) 
(Mg) X (pHg) 
Lack of Pit 
1 0.861 0.861 0.463 .250<P(>P) 
1 7.316 7.316 3.933 .025<P(>F)<.050 
1 0.367 0.367 0.197 .250<P(>F) 
21 140.705 6.700 3.602 P(>P)<.005 
Error 179 332.899 1.860 
Total 214 653.914 
Table 54. Analysis of variance of wet weights of NL 296 tissue cultures 
Source d.f 
• 
8.8. M.S. P Prob. P 
Milk (M) 5 2482.737 496.547 60.180 P(>P)<.005 
Linear (M^) 1 1739.732 1739.732 210.851 P(>P)<.005 
Quad (Mq) 1 144.287 144.207 17.487 P(>F)<.005 
Lack of Fit 3 598.718 199.573 24.188 P(>P)<.005 
pH (pH) 5 349.729 69.946 8.477 P(>P)<.005 
Linear (pH^) 1 0.004 0.004 0.000 .250<P(>P) 
Quad (PHq) 1 105.736 105.736 12.815 P(>F)<.005 
Lack of Fit 3 243.989 81.330 9.857 P(>P)<.005 
Milk X pH 25 1230.688 49.228 5.966 P(>P)<.005 
(M^) X (pH^) 1 95.556 95.556 11.581 P(>F)<.005 
(M^) X (PHq) 
(Mq) X (PH^) 
(MQ) X (pHg) 
Lack of Fit 
1 1.450 1.450 0.176 .250<P(>F) 
1 56.203 56.203 6.812 .010<P(>F)<.025 
1 0.814 0.814 0.099 .250<P(>F) 
21 1076.665 51.270 6.214 P(>P)<.005 
Error 170 1402.686 8.251 
Total 205 5465.840 
Table 55. Analysis of variance of wet weights of NL 4^6 tissue cultures 
Source d.f 
• 
8.8. M.S. F Prob. P 
Milk 5 3172.28 634.46 50.797 P(>P)<.005 
Linear (Mj^) 1 2837.32 2837.32 227.167 P(>F)<.005 
Quad (Mg) 1 112.39 112.39 8.998 P(>F)<.005 
Lack of Pit 3 222.57 74.19 5.940 P(>F)<.005 
pH (pH) 5 140.18 28.03 2.245 .025<P(>P)<.050 
Linear (pH^) 1 7.47 7.47 0.598 .250<P(>P) 
Quad (pHg) 
Lack of Pit 
1 124.00 124.00 9.928 P(>P)<.005 
3 8.71 2.90 0.232 ,250<P(>P) 
Milk X pH 25 2092.71 83.71 6.702 P(>P)<.005 
(M^) X (pH^) 1 462.67 462.67 37.043 P(>P)<.005 
(M^) X (PHG) 
(MQ) X (pHj.) 
(MQ) X (PHQ) 
Lack of Pit 
1 107.26 107.26 8.588 P(>F)<.005 
1 93.16 93.16 7.459 P(>P)<.005 
1 4.95 4.95 0.396 .250<P(>F) 
21 1424.67 67.84 5.431 P(>P)<.005 
Error 1798.23 12.49 
Total 179 7203.40 
Table 56. Analysis of variance of dry weights of NL 390 tissue cultures 
Source d.f. 8.8. M.S. F Prob. P 
Milk (M) 5 13.471 2.694 168.375 P(>P)<.005 
Linear (M^) 1 12.502 12.502 781.375 P(>P)<.005 
Quad (Mq) 1 0.693 0.693 43.313 P(>P)<.005 
Lack of Pit 3 0.276 0.092 5.750 P(>P)<.005 
pH (pH) 5 0.092 0.018 1.125 .250<P(>F) 
Linear (pH^) 1 0.022 0.022 1.375 .100<P(>P)<.250 
Quad (PHq) 
Lack of Pit 
1 0.016 0,016 1.000 .250<P(>P) 
3 0.054 0.018 1.125 .250<P(>P) 
Milk X pH 25 1.310 0.052 3.250 P(>P)<.005 
(ML) X (pH^) 1 0.253 0.253 15.813 P(>P)<.005 
(«L> <P«Q> 1 0.096 0.096 6.000 .010<P(>P)<.025 
(MQ) X (pHj^) 1 0.057 0.057 3.563 .050<P(>P)<.100 
<«Q) (PHQ) 
Lack of Pit 
1 0.359 0.359 22.438 P(>P)<.005 
21 0.545 0.026 1.625 .050<P(>F)<.100 
Error 173 ' 2.743 0.016 
Total 208 17.617 
Table 57 • Analysis of variance of dry weights of NL 49^ tissue cultures 
Source d.f . S.S. M.S. P Prob. P 
Milk (M) 5 9.7016 1.9404 85.858 P(>P)<.005 
Linear 1 8.2517 8.2517 365.120 P(>P)<.005 
Quad (MQ) 1 1.0272 1.0272 45.451 P(>F)<.005 
Lack of Pit 3 0.4227 0.1409 6.235 P(>P)<.005 
pH (pH) 5 0.1539 0.0308 1.363 .100<P(>P)<.250 
Linear (pH^) 1 0.0011 0.0011 0.049 .250<P(>P) 
Quad (pHg) 1 0.0573 0.0573 2.535 .100<P(>P)<.250 
Lack of Pit 3 0.0955 0.0319 1.412 .100<P(>F)<.250 
Milk X pH 25 1.6897 0.0676 2.991 P(>P)<.005 
(M^) X (pHj^) 1 0.1587 0.1587 7.022 .005<P(>P)<.010 
(%[,) * (pHq) 1 0.5005 0.5005 22.146 P(>P)<.005 
(Mg) X (pH^) 
(Mg) X (pHg) 
Lack of Fit 
1 0.0240 0.0240 1.062 .250<P(>F) 
1 0.1366 0.1366 6.044 .010<P(>F)<.025 
21 0.8699 0.0415 1.836 .010<P(>F)<.025 
Error 178 4.0273 0.0226 
Total 213 15.5724 
Table 58. Analysis of variance of dry weights of NL 202 tissue cultures 
Source d.f 
• 
S.S. M.S. F Prob. F 
Milk (M) 5 0.3050 0.0610 12.979 P(>F)<.005 
Linear (M^) 1 0.1242 0.1242 26.426 P(>F)<.005 
Quad (Mq) 1 0.0207 0.0207 4.404 .025<P(>F)<.050 
Lack of Fit 3 0.1601 0.0534 11.362 P(>F)<.005 
pH (pH) 5 0.1482 0.0296 6.298 P(>F)<.005 
Linear (pH^) 1 0.0314 0.0314 6.681 .010<P(>F)<.025 
Quad (pHq) 1 0.0797 0.0797 16.957 F(>F)<.005 
Lack of Fit 3 0.0369 0.0123 2.617 .050<P(>F)<.100 
Milk X pH 25 0.3636 0.0146 3.106 P(>F)<.005 
(M^) X (pHj_) 1 0.0253 0.0253 5.383 .025<P(>P)<.100 
(Mj_) X (pHg) 
(MQ) X (pHj_) 
1 0.0016 0.0016 0.340 .250<P(>F) 
1 0.0181 0.0181 3.851 .050<P(>F)<.100 
(MQ) X (pHg) 1 0.0006 0.0006 0.128 .250<P(>F) 
Lack of Pit 21 0.3171 0.0151 3.213 P(>F)<.005 
Error 179 0.8414 0.0047 
Total 214 1.6584 
Table 59. Analysis of variance of dry weights of NL 296 tissue cultures 
Source d.f 
• 
s.s. M.S. F Prob. P 
Milk (M) 5 8.3775 1.6755 116.354 P(>P)<.005 
Linear (M^) 1 6,8160 6.8160 473.333 P(>P)<.005 
Quad (Mq) 1 0.4139 0.4139 28.743 P(>F)<.005 
Lack of Pit 3 1.1476 0.3825 25.563 P(>P)<.005 
pH (pH) 5 1.1278 0.2256 15.667 P(>F)<.005 
Linear (pHj^) 1 0.0162 0.0162 1.125 .250<P(>P) 
Quad (pHq) 
Lack of Fit 
1 0.4220 0.4220 29.306 P(>P)<.005 
3 0.6896 0.2299 15.965 P(>F)<.005 
Milk X pH 25 3.3817 0.1353 9.396 P(>P)<.005 
(M^) X (pH^) 1 0.3772 0.3772 • 26.194 P(>F)<.005 
(MJ^) X (pHg) 
(Mq) X (pH^) 
(Mg) X (pHg) 
Lack of Fit 
1 0.0044 0.0044 0.306 .250<P(>P) 
1 0.3032 0.3032 21.056 P(>P)<.005 
1 0.0118 0.0118 0.819 .250<P(>P) 
21 2.6851 0.1279 8.882 P(>P)<.005 
Error 170 2.4484 0.0144 
Total 205 15.335 
Table 60. Analysis of variance of dry weights of NL 4^6 tissue cultures 
Source d.f 
• 
8 .8 .  M.S. P Prob. P 
Milk (M) 5 2.05560 0.41112 10.424 P(>P)<.005 
Linear (M^) 1 1.68085 1.68085 42.618 F(>P)<,005 
Quad (MQ) 1 0.05629 0.05629 1.427 .100<P(>P)<.250 
Lack of Pit 3 0.31846 0.10615 2.691 .025<P(>P)<.050 
pH (pH) 5 0.59444 0.11889 3.014 .010< P(>P)<.025 
Linear (pH^) 1 0.13970 0.13970 3.542 .050<P(>P)<.100 
Quad (pHg) 1 0.26181 0.26181 6.638 P(>P)<.005 
Lack of Fit 3 0.19293 0.06431 1.631 .100<P(>P)<.250 
Milk X pH 25 1.44915 0.05797 1.470 .050<P(>P)<.100 
(M^) X (pH^) 1 0.00807 0.00807 0.205 .250<P(>P) 
(M^)  X (PHQ) 
(MQ) X (pH^) 
(Mq) X (pHg) 
Lack of Fit 
1 0.51841 0.51841 13.144 P(>P)<.005 
1 0.05673 0.05673 1.438 .100<P(>P)<.250 
1 0.14529 0.14529 3 .683  .050<P(>P)<.100 
21 0.72065 0.03432 0.870 .250<P(>P) 
Error 144 5.66467 0.03934 
Total 179 9.74590 




8.8. M.S. F Prob, F 
Milk (M) 5 0.0108780 0.002176 31.086 P(>P)<.005 
Linear (M^) 1 0.0043622 0.004362 62.314 ?(>?)<.005 
Quad (MQ) 1 0.0049827 0.004983 71.186 p(>F)<.005 
Lack of Pit 3 0.0015331 0.000511 7.300 ?(>?)<.005 
pH (pH) 5 0.0025296 0.000506 7.229 P(>F)<.005 
Linear (pHj^) 1 0.0020430 0.002043 29.186 P(>F)<.005 
Quad (pHg) 
Lack of Fit 
1 0.0001400 0.000140 20.000 P(>F)<.005 
3 0.0003466 0.000116 1.657 .100<P(>F)<.250 
Milk X pH 25 0.0092069 0.000361 5.157 P(>F)<.005 
(M^) X (pH^) 1 0.0033313 0.003331 47.586 P(>F)<.005 
(M^) X (pHg) 
(Mg) X (pH^) 
(Mq) X (pHq) 
Lack of Pit 
1 0.0011152 0.001115 15.929 P(>F)<.005 
1 0.0011425 0.001143 16.329 P(>F)<,005 
1 0.0018508 0.001851 26.443 P(>F)<.005 
21 0.0017674 0.000084 1.200 .250<P(>F) 
Error 173 0.0120361 0.000070 
Total 208 0.0346505 




S.S. M.S. F Prob. F 
Milk (M) 5 0.037246 0.007450 46.648 P(>F)<.005 
Linear (M^) 1 0.012338 0.012338 77.113 P(>F)<.005 
Quad (MQ) 1 0.019587 0.019587 122.419 P(>F)<.005 
Lack of Pit 3 0.005321 0.001774 11.088 P(>P)<.005 
pH (pH) 5 0.001521 0.000305 1.906 .050<P(>F)<.100 
Linear (pHj^) 1 0.000544 0.000544 3.400 .050<P(>F)<.100 
Quad (pHg) 1 0.000725 0.000725 4.531 .025<P(>P)<.050 
Lack of Pit 3 0.000252 0.000084 0.525 .250<P(>P) 
Milk X pH 25 0.013513 0.000541 3.381 P(>F)<.005 
(M^) X (pH^) 1 0.000743 0.000743 4.644 .025<P(>F)<.050 
(M^) X (PHG) 
(MQ) X (pH^) 
1 0.003553 0.003553 22.206 P(>F)<.005 
1 0.001003 0.001003 6.269 .010<P(>F)<.025 
(MQ) X (PHQ) 
Lack of Pit 
1 0,000000 0.000000 0.000 P(>F)<.005 
21 0.008214 0.000392 2.450 P(>P)<.005 
Error 178 0.028425 0.000160 
Total 213 0.080704 
Table 63. Analysis of variance of percentages of dry weights of NL 202 
tissue cultures 
Source d.f. s . s .  M.S. F Prob. F 
Milk (M) 5 0.00650 0.00130 1 6 . 2 5 0  P(>F)<.005 
Linear (M^^) 1 0.00073 0.00073 9.125 P(>P)<.005 
Quad (Mq) 1 0,00474 0.00474 59.250 P(>F)<.005 
Lack of Fit 3 0.00103 0.00034 4.250 .005<P(>F)<.010 
pH (pH) 5 0 . 0 0 6 8 0  0.00136 17.000 P(>F)<.005 
Linear (pH^) 1 0.00373 0.00373 46.625 P(>F)<.005 
Quad (pHg) 1 0.00042 0.00042 5.250 .010<P(>F)<.025 
Lack of Fit 3 0.00264 0 . 0 0 0 8 8  11.000 P(>F)<.005 
Milk X pH 25 0.01391 0.00056 7.000 P(>F)<.005 
(M^) X (pH^) 1 0.00166 0.00166 20.750 P(>P)<.005 
(Mj^) X (PHQ) 
(MQ) X (PHJ^) 
(MQ) X (pHg) 
Lack of Fit 
1 0.00041 0.00041 5.125 .010<P(>F)<.025 
1 0.00014 0.00014 1.750 .100<P(>F)<.250 
1 0.00042 0.00042 5.250 .010<P(>F)<.025 
21 0.01128 0.00054 6.750 P(>F)<.005 
Error 179 0.01467 0 . 0 0 0 0 8  
Total 214 0.04188 




8.8. M.S. P Prob. P 
Milk (M) 5 0.011582 0.004516 21.403 P(>P)<.005 
Linear (M^) 1 0.003663 0.003663 17.360 P(>P)<.005 
Quad (MQ) 
Lack of Pit 
1 0.003482 0.003482 16.502 P(>F)<.005 
3 0.015437 0.005146 24.389 P(>P)<.005 
pH (pH) 5 0.002501 0.000500 2.369 .025<P(>F)<.050 
Linear (pH^) 1 0.000926 0.000926 4.389 .025<P(>P)<.050 
Quad (PHQ) 1 0.000254 0.000254 1.204 .250<P(>P) 
Lack of Pit 3 0.001321 0.000440 2.085 .100<P(>P)<.250 
Milk X pH 25 0.012027 0.000481 2.280 ?(>?)<,005 
(M^) X (pH^) 1 0.001395 0.001395 6.611 .010<P(>P)<.025 
(M^) X (pHg) 
(Mq) X (pHj^) 
(MQ) X (PHQ) 
Lack of Pit 
1 0.000068 0.000068 0.322 .250<P(>P) 
1 0.000048 0.000048 0.227 .250<p(>r) 
1 0.000027 0.000027 0.128 .250<P(>F) 
21 0.010489 0.000499 2.365 P(>P)<.005 
Error 170 0.035821 0.000211 
Total 205 0.061931 




S.S. M.S. P Prob. P 
Milk (M) 5 0.01562 0.00312 13.000 P(>F)<.005 
Linear (M^) 1 0.00827 0.00827 36.542 P(>F)<.005 
Quad (Mq. 
Lack of Pit 
1 0.00287 0.00287 11.958 P(>P)<.005 
3 0.00448 0.00150 6.250 P(>P)<.005 
pH (pH) 5 0.00110 0.00022 0.917 .250<P(>F) 
Linear (pH^) 1 0.00001 0.00001 0.042 .250<P(>P) 
Quad (PHq) 
Lack of Pit 
1 0,00031 0.00031 1.292 .250<P(>F) 
3 0.00078 0.00026 1.083 .250<P(>F) 
Milk X pH 25 0.02577 0.00103 4 .292 P(>F)<.005 
(M^) X (pH^) 1 0.00913 0.00913 38.042 P(>P)<.005 
(M^) X (pHg) 
(MQ) X (pHj^) 
(Mq) X (pHg) 
Lack of Pit 
1 0.00005 0.00005 0.208 .250 P(>F) 
1 0.00246 0.00246 10.250 P(>P)<.005 
1 0.00005 0.00005 0.208 .250 P(>P) 
21 0.01408 0.00067 2.792 P(>F)<.005 
Error 144 0.04154 0.00024 
Total 179 0.06469 
Table 66. Analysis of variance of final pH of the media that NL 202 
tissue cultures had grown 
Source d.f, 8.8. M.S. P Prob. P 
Milk (M) 5 8.298 1.660 44.865 P(>P)<.005 
Linear (M^) 1 5.885 5.885 159.054 P(>F)<.005 
Quad (MQ) 1 0.585 0.585 15.811 P(>P)<.005 
Lack of Pit 3 1.828 0.609 16.459 P(>P)<.005 
pH (pH) 5 20.298 4.060 109.730 P(>P)<.005 
Linear (pHj^) 1 20.037 20.037 541.541 P(>P)<.005 
Quad (pHQ) 1 0.067 0.067 1.811 .250<P(>P) 
Lack of Pit 3 0.194 0.065 1.757 .100<P(>P)<.250 
Milk X pH 25 9.922 0.397 10.730 P(>P)<.005 
(M^) X (pH^) 1 1.235 1.235 33.378 ?(>?)<.005 
(M^) X (pHQ) 
(MQ) X (pHj^) 
1 0.323 0.323 8.730 P(>F)<.005 
1 0.653 0.653 17.649 P(>F)<.005 
(Mg) X (pHg) 1 0.001 0.001 0.027 .250 P(>F)< 
Lack of Pit 21 7.710 0.367 9.919 P(>P)<.005 
Error 179 6.560 0.037 
Total 214 45.060 
Table 67. Analysis of variance of final pH of the media that NL 296 tissue 
cultures had grown 
Source d.f. S.S, M.S. F Prob. P 
Milk (M) 5 38.519 7.704 285.333 P(>P)<.005 
Linear (M^) 1 32.592 32.592 1207.711 P(>F)<.005 
Quad (Mg) 1 5.103 5.103 189.000 P(>P)<.005 
Lack of Pit 3 0.824 0.275 10.185 P(>P)<.005 
pH (pH) 5 2.723 0.545 20.185 P(>P)<.005 
Linear (pHj^) 1 1.767 1.767 65.444 P(>F)<.005 
Quad (pHQ) 1 0.830 0.830 30.741 P(>P)<.005 
Lack of Pit 3 0.126 0.042 1.556 .100<P(>P)<.250 
Milk X pH 25 3.517 0.141 5.222 P(>P)<.005 
(M^) X (pH^) 1 0.016 0.016 0 .593  .250<P(>P)  
(M^) X (pHQ) 1 0.127 0.127 4.407 .025<P(>P)<.050 
(MQ) X (pH^) 1 0.249 0.249 9.222 P(>F)<.005 
(MQ) X (pHg)  1 0.528 0.528 19.556 P(>F)<.005 
Lack of Fit 21 2.597 0.738 27.333 P(>P)<.005 
Error 170 4.614 0.027 
Total 205 49.373 
Table 68. Analysis of variance of final pH of the media that NL 496 tissue 
cultures had grown 
Source d.f 
• 
s.s. M.S. P Prob. P 
Milk (M) 5 7.04361 1.40872 25.996 P(>P)<.005 
Linear (M^) 1 6.30858 6.30858 116.416 ?(>?)<,005 
Quad (MQ) 1 0.58210 0.58210 10.742 ?(>?)<.005 
Lack of Pit 3 0.15368 0.05123 0.945 .250<P(>P) 
pH (pH) 5 4.31361 0.87061 16.066 P(>P)<.005 
Linear (pH^) 1 4.07440 4.07440 75.187 P(>F)<.005 
Quad (pHg) 1 0.00405 0.00405 0.007 .250<P(>P) 
Lack of Fit 3 0.27460 0.09153 1.689 .100<P(>P)<.250 
Milk X pH 25 7.84872 0.31395 5.794 P(>P)<.005 
(M^) X (pH^) 1 1.06986 1.06986 19.743 P(>P)<.005 
(M^) X (PHQ) 1 0.18176 0.18176 3.354 .050<P(>P)<.100 
(MQ) X (pH^) 
(MQ) X (PHQ) 
Lack of Fit 
1 0.22360 0.22360 4.126 .025<P(>P)<.050 
1 0.00524 0.00524 0.097 .250<P(>F) 
21 6.36826 0.30325 5.596 .250<P(>F) 
Error 1# 7.80400 0.05419 
Total 179 27.00994 
Table 69. Analysis of variance of subjective growth rate evaluations of 
U. amerlcana tissue cultures 
Source d.f. S.S. M.S. F Prob. F 
Milk (M) 5 8.41 1.68 2.43 .025<P(>F)<.050 
Linear (M^) 1 2.10 2.10 3.04 .050<P(>F)<.100 
Quad (MQ) 1 3.35 3.35 4.84 .025<P(>F)<.050 
Lack of Pit 3 2.96 0.99 1.43 .100<P(>P)<.250 
pH (pH) 5 21.40 4.28 6.19 P(>F)<.005 
Linear (pHj^) 1 8.18 8.18 11.83 P(>F)<.005 
Quad (PHQ) 1 7.81 7.81 11.30 P(>P)<.005 
Lack of Fit 3 5.41 1.80 2.60 .050<P(>F)<.100 
Milk X pH 25 34.81 1.39 2.01 .010<P(>F)<.025 
(M^) X (pH^) 1 1.00 1.00 1.45 .100<P(>P)<.250 
(M^) X (PHQ) 
(MQ) X (pH^) 
(MQ) X (PHQ) 
1 0.10 0.10 0.14 .250<P(>P) 
1 1.42 1.42 2.05 .100<P(>P)<.250 
1 3.81 3.81 5.51 .010<P(>P)<.025 
Lack of Pit 21 28.48 1.36 1.97 .010<F(>P)<.025 
Mother 13 37.43 2.87 4.15 P(>P)<.005 
Error 128 88.47 0.69 
Total 176 190.52 
Table 70. Analysis of variance of subjective color evaluations of U. americana 
tissue cultures 
Source d.f. S.S. M.S. F Prob. F 
Milk (M) 5 11.88 2.38 3.55 P(>P)<.005 
Linear (M^) 1 4.13 4.13 6. l6 .010<P(>F)<.025 
Quad (Mq) 1 4.07 4.07 6.07 .010<P(>P)<.025 
Lack of Fit 3 3.68 1.23 1.83 .100<P(>P)<.250 
pH (pH) 5 10.86 2.17 3.24 .005<P(>P)<.010 
Linear (pH^) 1 3.53 3.53 5.27 .010<P(>F)<.025 
Quad (pHq) 1 1.07 1.07 1.60 .100<P(>F)<.250 
Lack of Fit 3 6.26 2.09 3.12 .025<P(>F)<.050 
Milk X  pH 25 75.49 3.02 4.50 P(>F)<.005 
(M^) X  (pHj^) 1 13.36 13.36 19.94 P(>F)<.005 
(M^) X (pHq) 1 5.22 5.22 7.79 .005<P(>F)<.010 
(Mq )  X  (pHj^) 
(Mq) X  (pHg) 
Lack of Fit 
1 14.81 14.81 22.10 P(>P)<.005 
1 10.04 10.04 14.99 P(>F)<.005 
21 32.06 1.53 2.28 P(>F)<.005 
Mother 13 28.92 2.22 3.31 P(>F)<.005 
Error 128 86.23 0.67 
Total 176 213.38 
Table 71- Analysis of variance of wet weights of U. amerlcana tissue cultures 
Source d.f 
• 
S.S. M.S. F Prob. F 
Milk (M) 5 117.23 23.45 4.09 P(>P)<.005 
Linear (Mj^) 1 30.54 30.54 5.32 .010<P(>P)<.025 
Quad (MQ) 1 70.17 70.17 12.22 P(>P)<.005 
Lack of Fit 3 16.52 5.51 0.96 .250<P(>P) 
pH (pH) 5 92.43 18.49 3.22 .005<P(>F)<.010 
Linear (pHj^) 1 27.70 27.70 4.83 .025<P(>F)<.050 
Quad (pHQ) 1 43.01 43.01 7.49 .005<P(>P)<.010 
Lack of Fit 3 21.72 7.24 1.26 .250<P(>F) 
Milk X pH 25 312.52 12.52 2.18 P(>P)<.005 
(M^) X (pH^) 1 24.31 24.31 4.24 .025<P(>P)<.050 
( M L )  X  ( p H g )  1 0.81 0.81 0.14 .250<P(>P) 
(MQ)  X  (PH^) 
(MQ)  X  ( p H g )  
1 13.80 13.80 2.40 .100<P(>P)<.250 
1 11.06 11.06 1.93 .100<P(>P)<.250 
Lack of Fit 21 262.54 12.50 2.18 .005<P(>P)<.010 
Mother 13 392.65 30.20 5.26 P(>F)<.005 
Error 128 734.49 5.74 
Total 176 1649.32 
Table 72. Analysis of variance of dry weights of U. amerlcana tissue cultures 
Source d.f. S.S. M.S. F Prob, F 
Milk (M) 5 0.320 0.064 4.00 P(>F)<.005 
Linear (Mj^) 1 0.050 0.050 3.13 .050<P(>F)<.100 
Quad (Mq) 1 0.179 0.179 11.19 P(>F)<.005 
Lack of Pit 3 0.091 0.030 1.86 .100<P(>P)<.250 
pH (pH) 5 0.287 0.057 3.56 P(>F)<.005 
Linear (pHj^) 1 0.050 0.050 3.13 .050<P(>F)<.100 
Quad (pHg) 1 0.108 0.108 6.75 .010<P(>F)<.025 
Lack of Fit 3 0.129 0.043 2.69 .100<P(>F)<.250 
Milk X pH 25 0.982 0.039 2.43 (>F)<.005 
(Mj^) X  ( p H j ^ )  1 0.029 0.029 1.81 .100<P(>F)<.250 
(M^) X  (PHQ )  
(MQ )  X  ( p H ^ )  
(Mq )  X  ( p H g )  
Lack of Fit 
1 0.001 0.001 0.06 .250<P(>P) 
1 0.065 0.065 4.00 .025<P(>F)<.050 
1 0.064 0.064 4.00 .025<P(>F)<.050 
21 0.823 0.039 2.44 .100<P(>F)<.250 
Mother 13 0.871 0.067 4.19 .025<P(>F)<.050 
Error 128 2,086 0.016 
Total 176 4.546 
Table 73. Analysis of variance of percentage of dry weight of U. americana 
tissue cultures 
Source d.f. S.S. M.S. F Prob, F 
Milk (M) 5 0.00389 0.00078 4.59 P(>F)<.005 
Linear (M^) 1 0.00127 0.00127 7.47 .005<P(>P)<.010 
Quad (Mq) 1 0.00219 0.00219 12.88 P(>P)<.005 
Lack of Pit 3 0.00043 0.00014 0.82 .250<P(>P) 
pH (pH) 5 0.00129 0.00026 1.53 .100<P(>P)<.250 
Linear (pHj^) 1 0.00052 0.00052 3.06 .050<P(>P)<.100 
Quad (pHg) 1 0.00037 0.00037 2.18 .100<P(>F)<.250 
Lack of Fit 3 0.00040 0.00013 0.76 .250<P(>P) 
Milk X pH 25 0.00310 0.00012 0.71 .250<P(>P) 
(M^) X (pHj^) 1 0.00012 0.00012 0.71 .250<P(>P) 
(M^) X (pHg) 
(Mg) X (pH^) 
(Mq) X (pHg) 
1 0.00016 0.00016 0.94 .250<P(>F) 
1 0.00017 0.00017 1.00 .250<P(>P) 
1 0.00016 0.00016 0.94 .250<P(>F) 
Lack of Fit 21 0.00249 0.00012 0.71 .250<P(>F) 
Mother 13 0.00740 0.00057 3.35 P(>F)<.005 
Error 128 0.02247 0.00017 
Total 176 0.03816 
Table 7^. Analysis of variance of final pH of the media that U. americana 
tissue cultures had grown 
Source d.f. S.S. M.S. F Prob. F 
Milk (M) 5 5.30 1.06 6.24 P(>P)<.005 
Linear (M^) 1 1.80 1.80 6.35 .010<P(>P)<.025 
Quad (MQ) 1 1.90 1.90 11.18 P(>F)<.005 
Lack of Pit 3 1.60 0.53 3.12 .025<P(>P)<.050 
pH (pH) 5 10.56 2.11 12.41 ?(>?)< .005  
Linear (pHj^) 1 9 .99  9 .99  58.76 P(>F)<.005 
Quad (pHg) 1 0.09 0.09 0.53 .250<P(>P) 
Lack of Pit 3 0.48 0.16 0.94 .250<P(>P) 
Milk X pH 25 5.21 0.21 1.24 .100<P(>P)<.250 
(MJ_) X (PH^) 1 1.93 1.93 11.35 P(>P)<.005 
(MJ^) X (pHg) 
(WQ)  X (PHi , )  
1 0.08 0.08 0.47 .250<P(>P) 
1 0.05 0.05 0.29 .250<P(>P) 
(Mg)  X (pHg) 1 0.19 0.19 1.12 .250<P(>P) 
Lack of Pit 21 2.96 0.14 0.83 .250<P(>P) 
Mother 13 4.29 0.33 1.94 .025<P(>F)<.050 
Error 128 22.24 0.17 
Total 176 47.61 
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APPENDIX B 
Partial correlation coefficients between growth criteria 
evaluated. 
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Table 7 5 -  Partial correlation coefficients between criteria 
evaluated on NL 390 tissue cultures grown on media 
with six levels of coconut milk and pH 
Growth Color Wet Wt Dry Wt Final pH % Dry Wt 
Growth 1.00 0.31 0.72 0.73 -0.37 
Color 0.31 1.00 0.00 0.06 -0.13 
Wet Wt 0.72 0.00 1.00 0.93 -0.48 
Dry Wt 0.74 0.06 0.93 1.00 -0.31 
% Dry Wt 
-0.37 -0.13 -0.48 -0.31 1.00 
Table 76. Partial correlation coefficients between criteria 
evaluated on NL 494 tissue cultures grown on media 
with six levels of coconut milk and pH 
Growth Color Wet Wt Dry Wt Final pH % Dry Wt 
Growth 1.00 -0.14 0.75 0.79 -0.71 
Color -0.14 1.00 -0.23 -0.23 -0.04 







1 1.00 0.92 -0.79 
Dry Wt 0.79 -0.23 0.92 1.00 -0.68 
% Dry Wt 
-0.71 -0.04 -0.79 -0.68 1.00 
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Table 77• Partial correlation coefficients between criteria 
evaluated on NL 202 tissue cultures grown on media 
with six levels of coconut milk and pH 
Growth Color Wet Wt Dry Wt Final pH % Dry Wt 
Growth 1.00 0.11 0.57 0.61 -0.29 -0.34 
Color 0.11 1.00 0.19 0.14 -0.10 -0.31 
Wet Wt 0.57 0.19 1.00 0.92 -0.27 —0.66 
Dry Wt 0.61 0.14 0.92 1.00 -0.34 -0.42 
Final pH -0.29 -0.10 -0.27 -0.34 1.00 -0.02 
% Dry Wt 
-0.34 -0.31 -0.66 -0.42 -0.02 1.00 
Table 78. Partial correlation coefficients between 
evaluated on NL 296 tissue cultures grown 
with six levels of coconut milk and pH 
criteria 
on media 
Growth Color Wet Wt Dry Wt Pinal pH % Dry Wt 
Growth 1.00 0.24 0.81 0.80 -0.08 -0.51 
Color 0.24 1.00 0.12 0.09 0.04 -0.16 
Wet Wt 0.81 0.12 1.00 0.91 0.01 -0.57 
Dry Wt 0.80 0.09 0.91 1.00 -0.09 -0.45 
Final pH 
-0.08 0.04 0.01 -0.09 1.00 0.13 
% Dry Wt 
-0.51 -0.16 -0.57 -0.45 0.13 1.00 
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Table 79- Partial correlation coefficients between-criteria 
evaluated on NL 496 tissue cultures grown on media 
with six levels of coconut milk and pH 
Growth Color Wet Wt Dry Wt Pinal pH" % Dry Wt 
Growth 1.00 0.37 0.66 0.37 0.00 -0.43 
Color 0.37 1.00 0.34 0.L8 0.15 -0.25 
Wet Wt 0.66 0.34 1.00 0.23 0.11 -0.78 
Dry Wt 0.37 0.18 0.23 1.00 -0.09 0.30 
Final pH 0.00 0.15 0.11 -0.09 1.00 -0.11 
% Dry Wt 
-0.43 -0.25 -0.78 0.30 -0.11 1.00 
Table 80. Partial correlation coefficients between criteria 
evaluated on U. americana tissue cultures grown on 
media with six levels of coconut milk and pH 
Growth Color Wet Wt Dry Wt Pinal pH % Dry Wt 
Growth 1.00 0.62 0.82 0.81 0.28 -0.42 
Color 0.62 1.00 0.54 0.50 0.09 -0.42 
Wet Wt 0.82 0.54 1.00 0.89 0.43 -0.52 
Dry Wt 0.81 0.50 0.89 1.00 0.35 -0.20 
Final pH 0.28 0.09 0.42 0.35 1.00 -0.21 
% Dry Wt -0.42 -0.42 -0.52 -0.20 -0.21 1.00 
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APPENDIX C 
The following three analysis of variance tables are con­
cerned with the wet weights of U. americana, NL 390, and NL 
496 tissues grown on media that contained 25% C_. ulmi culture 
filtrate. 
Legend : 
Treatment abbreviations were given in Materials and 
Methods section; 
Orthogonal comparisons designated with vs_ between 
treatments being compared. 
Table 81, Analysis of variance of grams wet weight of U, amerlcana elm tissue 
cultures grown on basic tissue medium plus 25% (v/v) ôûlture filtrate 
and its fractions from four-day-old C. ulml cultures 
Source d.f. S.S. M.S. F Prob. F 
Treatments 







& Cg VS other trmts 
vs other trmts 
& A„ vs other trmts s 
vs Ag 










489.36 61.17 10.44 P(>F)<.005 
1 30.57 30.57 5.21 .010<P(>F)<.025 
1 150.22 150.22 25.63 P(>P)<.005 
1 159.71 159.71 27.25 P(>F)<.005 
1 0.80 0.80 0.14 .250<P(>P) 
1 34.28 34.28 5.85 .010<P(>P)<.025 
1 0.00 0.00 0.00 .250<P(>F) 
1 76.51 76.51 13.06 P(>P)<.005 
1 37.29 37.29 6.36 .010<P(>F)<.025 
932.06 5.86 
1421.42 
Table 82. Analysis of variance of grams wet weight of NL 390 tissue cultures 
grown on basic tissue medium plus 25/? (v/v) culture filtrate and Its 




Co vs C 
& Cg vs other trmts 
T^ vs other trmts 
A. & A vs other trmts 
AÎ V. A, 
^1 ^ ^s other trmts 
vs E. 







8.8. M.8. F Prob. F 
1421.24 177.66 18. 90 P(>P)<.005 
1 118.69 118.69 12. 63 P(>F)<.005 
1 380.69 380.69 40. 50 P(>P)<.005 
1 504.80 504.80 53. 70 P(>F)<.005 
1 135.69 135.69 14. 44 P(>P)<.005 
1 18.48 18.48 1. 97 .100<P(>F)<.250 
1 220.76 220.76 23. 49 P(>P)<.005 
1 41.96 41.96 4. 46 .050<P(>P)<.025 
1 0.18 0.18 0. 02 .250<P(>F) 
1503.42 9.40 
2942.66 
Table 83. Analysis of variance of grams wet weight of NL ^96 tissue cultures 
grown on basic tissue medium plus 25% (v/v) culture filtrate and its 
fractions from four-day-old £. ulmi cultures 
Source d.f. 8.8. M.8. F Prob. P 
Treatments 
Cg & Cg vs other trmts 
Cg vs Cg 
T^ vs other trmts 
Ai & Ag vs other trmts 
"l *8 
Ei & Eg vs other trmts 
E. vs E 
4 V. O: 
Error 
Total 
549.94 6 8 . 7 4  
1 6 6 . 9 0  6 6 , 9 0  
1 53.14 53.14 
1  0.04 0.04 
1 242.03 242.03 
1 85.10 8 5 . 1 0  
1 2 8 . 0 3  28.03 
1 69.84 69.84 
1 1 . 8 0  1 . 8 0  













The following three analysis of variance tables are 
concerned with the wet weights of U. americana, NL 390, and 
NL 496 tissues grown for three weeks on basic tissue medium 
and then exposed for four weeks to 25%, 1 2 . 5 %  or 6 . 3 %  
(v/v) basic fungus medium of £. ulmi culture filtrate. 
Legend : 
fu med basic fungus medium; 
cu fil C_. ulmi culture filtrate; 
Orthogonal comparisons designated with vs^between treatments 
being compared. 
Table 8^. Analysis of variance of grams wet weight of U. amerlcana tissue cultures 
grown on basic tissue medium for three weeks and then exposed for four 
weeks to 25%, 12.5%, and 6.3% (v/v) basic fungus medium or culture 
filtrates of four-day-old C. ulml cultures 
Source d.f. 8 . 8 .  M.S. P Prob. P 
Treatments 6 34.785 5.798 1.497 .100<P(>P)<.250 
Control vs Trmts 1 2 6 . 6 6 9  2 6 . 6 6 9  6.886 .010<P(>F)<.025 
25% vs 12.5% & 6.3% 1 2 . 8 5 6  2.856 0.737 .250<P(>P) 
25% fu med vs 25% cu fll 1 1.754 1.754 0.453 .250<P(>P) 
12.5% vs 6.3% 1 1 . 8 3 3  1.833 0.473 .250<P(>P) 
12% fu med vs 12% cu fll 1 0 . 3 2 7  0 . 3 2 7  • 0.084 .250<P(>F) 
6.3% fu med vs 6.3% cu fll 1 0 . 3 8 6  0 . 3 8 6  0.354 .250<P(>F) 
Error 35 135.553 3 . 8 7 3  
Total 41 170.338 
Table 85. Analysis of variance of grams wet weight of NL 390 elm tissue cultures 
grown on basic tissue medium for three weeks and then exposed for four 
weeks to 25#, 12.5%, and 6.3% (v/v) basic fungus medium or culture 
filtrates of four-day-old G. ulmi cultures 
Source d.f. S.S. M.S. F Prob F 
Treatments 6 129.842 21.640 1. 677 .100<P(>P)< .250 
Control vs Trmts 1 4.273 4.273 0. 331 .250<P(>F) 
25% vs 12.5% & 6. 3% 1 0.305 0.305 0. 024 .250<P(>F) 
25% fu med vs 25% cu fil 1 48.048 4-8.048 3. 724 .050<P(>F)< .100 
12.5% vs 6.3% 1 11.781 11.781 0. 913 .250<P(>F) 





6.3% fu med vs 6. 3% eu fil 1 7.753 7.753 0. 601 .250<P(>P) 
Error 35 451.534 14.180 
Total m 581.376 
Table 86. Analysis of variance of grams wet weight of NL 496 elm tissue cultures 
grown on basic tissue medium for three weeks and then exposed for four 
weeks to 25%, 12.5%, and 6.3% (v/v) basic fungus medium or culture 
filtrates of four-day-old C. ulml cultures 
Source d.f. 8 .8 .  M.8. F Prob. F 
Treatments 6 170.900 2 8 . 6 5 0  2.157 .050<P(>F)<. 100 
Control vs Trmts 1  2.092 2 . 0 9 2  0 . 1 5 8  .250<P(>F) 
25% vs 12.5% & 6.3% 1 7.406 7.406 0.558 .250<P(>P) 
2 5 %  fu med vs 2 5 %  cu fll 1 7 1 . 6 6 3  7 1 . 6 6 3  5.396 .025<P(>P)<. 050 
12.5% vs 6.3% 1 0.218 0.216 0.016 .250<P(>F) 
12% fu med vs 12% cu fll 1 3 8 . 6 2 1  3 8 . 6 2 1  2 . 9 0 8  .050<P(>P)<. 100 
6.3% fu med vs 6.3% cu fll 1 51.905 51.905 3.909 .050<P(>P)<. 100 
Error 35 464.829 1 3 . 2 8 0  
Total 41 6 3 6 . 7 2 9  
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APPENDIX E 
The following eight analysis of variance tables are con­
cerned with the number and percentage of each component of 
liquid grown Ç. ulmi exposed to water extracts of U. americana, 
NL 390, and NL 496 tissues grown for six weeks on media that 
contained 25% (v/v) culture filtrates or its fractions. 
Legend : 
Treatment abbreviations were given in Materials and Methods 
section; 
Species the effect of the different elm tissues used in 
this study; 
Comp X Sp comparison by species interaction, comparison 
referring to one particular orthogonal comparison 
numbering them one through nine. 
Table 87. Analysis of variance of the logarithm of the number of spores of four-day-
old C. ulmi cultures grown on basic fungus medium for 48 hours and then 
exposed for 48 hours to 50% (v/v) water extract of U. americana, NL 390, 
NL 496 tissue cultures grown on basic tissue medium plus tne addition or 
25^ (v/v) basic fungus medium or culture filtrate and its fractions from 
four-day-old C. ulmi cultures 
Source d.f. S.S. M.S. F Prob. P 
Treatments 9 1.18 0 . 1 3  0.93 .250<P(>P) 
C, & Cp vs other trmts 1 0.02 0.02 0.14 .250<P(>P) 
C-^ vs C2 1 0.45 0.45 3.21 .100<P(>P)<.250 
C 3 & Ti vs other trmts 1 0 . 0 3  0 . 0 3  0.21 .250<P(>F) 
C 3 vs T^ 
Aj[ & Ag vs other 
1 0.01 0.01 0 . 0 7  .250<P(>P) 
trmts 1 0.34 0.34 2,43 .100<P(>F)<.250 
vsAg 1 0.12 0.12 0.86 .250<P(>P) 
& Es vs other trmts 1 0.11 0.11 0.79 .250<P(>P) 
Ej; vs Eg 1 0.09 0.09 0.64 .250<P(>F) 
Dn vs D d  
Spècles 
1 0.02 0.02 0.14 .250<P(>P) 
2 0.72 0.36 2.57 .100<P(>P)<.250 
Comp 1 X Sp 2 1.78 0 . 8 9  6.35 .025<P(>F)<.050 
Comp 2 X Sp 2 0.52 0.26 1.86 .100<P(>P)<.250 
Comp 4 X Sp 2 0,16 0.08 0.57 .250<P(>P) 
Comp 6 X Sp 2 0.72 0 . 3 6  2 . 5 8  .100<P(>F)<.250 
Comp 8 X Sp 2 0.14 0.07 0 . 5 0  .250<P(>P) 
Comp 9 X Sp 2 0.00 0.00 0.00 .250<P(>P) 
Error 6 0.86 0.14 
Sub Samples 120 1.76 0.01 
Total 149 7.83 
Table 88. Analysis of variance of the logarithm of budding spores of four-day-
old C. ulmi cultures grown on basic fungu^?-medium for 48 hours and then 
exposed for 48 hours to 50% (v/v) water extract of U, amerlcana, NL 390, 
NL M96 tissue cultures grown on basic tissue medium plus the addition of 
25% (v/v) basic fungus medium or culture filtrate and its fractions from 
four-day-old C. ulmi cultures 
Source d.f 
• 
S.S. M.S. F Prob. F 
Treatments 9 32.03 3 . 5 6  39.56 P(>F)<.005 
& C2 vs other trmts 1 10.32 1 0 . 3 2  114.67 P(>P)<.005 
Ci vs C2 1 20.86 20.86 2 3 1 . 7 8  P(>P)<.005 
C o  & TT VS other trmts 1 0.05 0 . 0 5  0.56 .250<P(>P) 
C o  vs T^ 1 0.13 0.13 1.44 .250<P(>P) 
Ai & Ag vs other trmts 1 0.18 0 . 1 8  2.00 .100<P(>P)<.250 
AJL vs AG 1 0.01 0.01 0.11 .250<P(>P) 
Ei & g vs other trmts 1  0.04 0.04 0.44 .250<P(>F) 
Ej[ vs Eg 1 0.09 0 . 0 9  1.00 .250<P(>P) 
Dn vs I>d 1 0.34 0.34 3.78 .250<P(>P) 
Species 2 25.27 12.63 140.33 P(>P)<.005 
Comp 1 X Sp 2 4.41 2.21 24.58 P(>F)<.005 
Comp 2 X Sp 2 4.29 2.15 23.90 P(>P)<.005 
Comp 4 X Sp 2 0.00 0.00 0.00 .250<P(>P) 
Comp 6 X Sp 2 1.48 0.74 8.22 .010<P(>P)<.025 
Comp 8 X Sp 2 1 . 1 3  0.57 6.34 .025<P(>P)<.050 
Comp 9 X Sp 2 1 . 0 7  0.54 6.00 .025<P(>F)<.050 
Error 6 0 . 5 6  0 . 0 9  
Sub Samples 120 1 6 . 4 4  0.14 
Total 149 86.65 
Table 8 9 .  Analysis of variance of the logarithm of germinating spores of four-day-
old C. ulml cultures grown on basic fungus medium for 48 hours and then 
exposed for 48 hours to 5055 (v/v) water extract of U. americana, NL 390, 
25% (v/v) basic fungus medium or culture filtrate and its fractions from 
four-day-old C. ulml cultures 
Source d.f. 
CO CO 
M.S. F Prob. P 
Treatments 9 3.44 0 . 3 8  0 . 8 3  .250<P(>F) 
Ci & C2 vs other trmts 1 0 . 2 5  0 . 2 5  0.54 .250<P(>P) 
Ci vs C2 1 0 . 0 3  0 . 0 3  0 . 0 7  .250<P(>F) 
Co & Tn vs other trmts 1 0 . 5 8  0 . 5 8  1.26 .250<P(>P) 
Co vs Ti 1 0 . 0 6  0 . 0 6  0.13 .250<P(>F) 
Ai & A vs other trmts 1 0.00 0.00 0.00 .250<P(>F) 
Ai vs Ag 1 0 . 6 5  0 . 6 5  1.41 .250<P(>P) 
& Eg vs other trmts 1  1.41 1.41 3.07 ,100<P(>F)< .250 
E i  vs E g  1  0.04 0.04 0.09 .250<P(>F) 
Dn vs Da 1 0.39 0.39 0.85 .250<P(>F) 
Species 2  9.22 4 . 6 1  10.02 .010<P(>F)< .025 
Comp 1 X Sp 2 1.04 0.54 1.17 .250<P(>F) 
Comp 2 X Sp 2 0 . 5 6  0.28 0 . 6 1  .250<P(>F) 
Comp 4 X Sp 2  1.44 0 . 7 2  1 . 5 6  .250<P(>P) 
Comp 6  X Sp 2 0.53 0 . 2 7  0.59 .250<P(>P) 
Comp 8 X Sp 2 0.03 0.02 0.04 .250<P(>P) 
Comp 9 X Sp 2 0 . 6 0  0 . 3 0  0 . 6 5  .250<P(>F) 
Error 6  2 . 7 8  0.46 
Sub Samples 120 3.47 0.03 
Total 149 2 3 . 2 0  
Table 90. Analysis of variance of the logarithm of hyphae of four-day-old 
C, ulml cultures grown on basic fungus medium for 48 hours and then 
exposed for 48 hours to 50% (v/v) water extract of U. amerlcana, NL 390, 
NL 496 tissue cultures grown on basic tissue medium plus the addition 
of 25% (v/v) basic fungus medium or culture filtrate and its fractions 
from four-day-old C, ulml cultures 
Source d.f, S.S. M.S. P Prob. F 
Treatments 9 5 . 7 3  0.64 4.57 .025<P(>P)<.050 
& C2 vs other trmts 1 1 . 7 2  1.72 12.29 .010<P(>P)<.025 
Ci vs C2 1 2 . 6 7  2 . 6 7  1 9 . 0 7  P(>F)<.005 
Co & Ti vs other trmts 1 0.05 0.05 0 . 3 6  .250<P(>P) 
Co vs 
& Ag vs other 
1 0.10 0.10 0.71 .250<P(>P) 
trmts 1 0 . 1 7  0 . 1 7  1.21 .250<P(>P) 
Ai vs As 1  0.00 0.00 0.00 .250<P(>P) 
EjL & Eg vs other trmts 1 0.26 0.26 1.86 .100<P(>P)<.250 
vs E g  1 0.07 0.07 0.50 .250<P(>F) 
D n  v s  D d ,  
Species 
1 0.70 0.70 5.00 .050<P(>P)<.100 
2  7.53 3.77 26.93 P(>P)<.005 
Comp 1 X Sp 2 0.99 0.50 3.68 .050<P(>P)<.100 
Comp 2 X Sp 2 0.93 0.47 3.36 .100<P(>P)<.250 
Comp 4 X Sp 2 0.02 0.01 0.01 .250<P(>F) 
Comp 6 X Sp 2 0 . 2 6  0.13 0.93 .250<P(>P) 
Comp 8 X Sp 2  0.39 0.20 1.42 .250<P(>P) 
Comp 9 X Sp 2  0.14 0 . 0 7  0 . 5 0  .250<P(>P) 
Error 6 0 . 8 5  0.14 
Sub Samples 120 3.24 0 . 0 3  
Total 149 20.09 
Table 91» Analysis of variance of the percentage of spores of four-day-old 
C. ulml cultures grown on basic fungus medium for 48 hours and then 
exposed for 48 hours to 50% (v/v) water extract of U. amerlcana, NL 390, 
NL 496 tissue cultures grown on basic tissue medium plus the addition of 
25% (v/v) basic fungus medium or culture filtrate and Its fractions from 
four-day-old C. ulml cultures 
Source d , . f .  S.S.xlO"^ M.S.xlO"^ F Prob. P 
Treatments 9 71.17 7.91 9 8 . 8 8  P(>P)<.005 
Ci & Cg vs other trmts 1  25.42 25.42 317.75 P(>P)<.005 
Ci vs C2 1  45.35 45.35 5 6 6 . 8 8  P(>P)<.005 
C3 & T^ vs other trmts 1  0 . 1 1  0 . 1 1  1 . 3 8  .250<P(>F) 
C3 vs T1 1  0.07 0 . 0 7  0 . 8 8  .250<P(>F) 
A  & A o  vs other trmts 1  0.05 0 . 0 5  0.63 .250<P(>F) 
A  vs A g  1 0.13 0 . 1 3  1 . 6 3  .100<P(>F)<.250 
E  & E g  vs other trmts 1 0.00 0.00 0.00 .250<P(>P) 
E  vs E g  1 0.01 0.01 0 . 1 3  .250<P(>F) 
Dn vs Dd 1 0.01 0.01 0 . 1 3  .250<P(>F) 
Species 2  7.93 3.97 4 9 . 6 3  P(>P)<.005 
Comp 1 X  Sp 2 0.41 0.21 2 . 6 0  .100<P(>F)<.250 
Comp 2 X  Sp 2 0 . 6 3  0.32 3 . 9 8  .050<P(>F)<.100 
Comp 4  X  Sp 2 0.22 0.11 1.37 .250<P(>P) 
Comp 6 X  Sp 2  0.02 0.01 0.00 .250<P(>F) 
Comp 8 X  Sp 2 0.66 0.33 4.11 .050<P(>P)<.100 
Comp 9 X  Sp 2 0.82 0.41 5.10 .050<P(>F)<.100 
Error 6 0.49 0.08 
Sub Samples 120 9.36 0.07 
Total 149 91.72 
Table 92. Analysis of variance of the percentage of budding spores of four-day-
old C. ulml cultures grown on basic fungus medium for 48 hours and then 
exposed for 48 hours to 5055 (v/v) water extract of U. americana, NL 390, 
NL 496 tissue cultures grown on basic tissue medium plus the addition of 
25^ (v/v) basic fungus medium or culture filtrate and its fractions from 
four-day-old C. ulmi cultures 
Source d.f. S.S.xlO"^ M.S.xlO"^ P Prob, F 
Treatments 
Ci vs Cp 
C3 & Ti 
C3 vs Ti 
& A 
Ai vs Aa 






Comp 1 x Sp 
Comp 2 x Sp 
Comp 4 X•Sp 
Comp 6 Sp 
Comp 8 X Sp 




9 73.46 8 . 1 6  8 1 6 . 0 0  P(>F)<.005 
trmts 1  2 6 . 9 0  2 6 . 9 0  2 6 9 0 . 0 0  P(>F)<.005 
1  46.25 46.25 4625.00 P(>P)<.005 
trmts 1  0 . 0 8  0 . 0 8  8 . 0 0  .025<P(>P)<.050 
1  0.06 0 . 0 6  6.00 .025<P(>P)<.050 
trmts 1  0.04 0.04 4.00 .050<P(>F)<.100 
1  0.03 0 . 0 8  8 . 0 0  .025<P(>F)<.050 
trmts 1 0.00 0.00 0.00 .250<P(>F) 
1  0.01 0.01 1.00 .250<P(>P) 
1 0.04 0.04 4.00 .050<P(>P)<.100 
2 8 . 8 1  4.41 441.00 P(>F)<.005 
2 0.51 0.26 26.00 P(>P)<.005 
2 0.64 0 . 3 2  32.00 P(>F)<.005 
2 0 . 1 9  0.10 10.00 .010<P(>F)<.025 
2 0 . 0 7  0.04 4.00 .050<P(>F)<.100 
2 0 . 6 0  0.30 30.00 P(>F)<.005 
2 0.79 0.40 40.00 P(>F)<.005 
6 0.08 0.01 
120 9.38 0 . 0 7  
149 94.92 
Table 93. Analysis of variance of the percentage of germinating spores of four-
day-old C. ulml cultures grown on basic fungus medium for 48 hours and 
then exposed for 48 hours to 30% (v/v) water extract of U. amerlcana, 
NL 390, NL 496 tissue cultures grown on basic tissue medium plus the 
addition of 25% (v/v) basic fungus medium or culture filtrate and its 
fractions from four-day-old C. ulml cultures 
Source d.f. S.S.xlO"^ M.S.xlO"^ F Prob. P 
Treatments 9 1.53 0 . 1 7  0 . 8 9  .250<P(>F) 
Ci & C2 vs other trmts 1 0.21 0.21 1.11 .250<P(>F) 
Ci ys 02 1 0.02 0.02 0.11 .250<P(>F) 
Co Tn vs other trmts 1 0.22 0.22 1 . 1 6  .250<P(>P) 
C3 ,vs fl 
Ai" & Ag vs other 
Ai vs Ag 
& Eg vs other 
1 0.00 0.00 0.00 .250<P(>F) 
trmts 1 0 . 0 6  0 . 0 6  0 . 3 2  .250<P(>F) 
1 0.21 0.21 1.11 .250<P(>F) 
trmts 1 0.54 0.54 2.84 .100<P(>F)< .250 
E l  vs Ë g  
Dn vs Dd 
1 0.00 0.00 0.00 .250<P(>F) 
1 0.24 0.24 1 . 2 6  .250<P(>F) 
Species 2 1.91 0 . 9 6  5.05 .025<P(>F)< .050 
Gomp 1 X Sp 2 0.34 0 . 1 7  0 . 8 9  .250<P(>F) 
Comp 2 X Sp 2  0.14 0.07 0.37 .250<P(>F) 
Comp 4 X Sp 2 0.43 0.22 1 . 0 5  .250<P(>F) 
Comp 6  X Sp 2  0.59 0.30 1.57 .250<P(>F) 
Comp 8 X Sp 2  0.03 0.02 0.11 .250<P(>P) 
Comp 9 X Sp 2  0.22 0.11 0.53 .250<P(>F) 
Error 6  1.13 0.19 
Sub Samples 120 1.77 0.01 
Total 149 8.11 
Table 9^» Analysis of variance of the percentage of hyphae of four-day-old 
C. ulmi cultures grown on basic fungus medium for 48 hours and then 
exposed for 48 hours to 5055 (v/v) water extract of U. americana, NL 390, 
NL 496 tissue cultures grown on basic tissue medium plus the addition of 
25% (v/v) basic fungus medium or culture filtrate and its fractions from 
four-day-old C. ulmi cultures 
Source d . f .  S.S.xlO"^ M.S.xlO"^ • P Prob. F 
Treatments 9 2.20 0.24 1.26 .250<P(>F) 
Ci & Cg vs other trmts 1 0.95 0.95 5.00 .050<P(>P)< .100 
vs 02 1 0 . 6 2  0.62 3.26 .100<P(>P)< . 2 5 0  
Co & T-i vs other 
C3 vs 
trmts 1 0 . 0 0  0.00 0.00 .250<P(>P) 
1 0.03 0.03 0 . 1 6  .250<P(>P) 
Ai & Ac vs other trmts 1 0.00 0.00 0.00 .250<P(>P) 
A i  vs A g  1  0.11 0.11 0 . 5 8  .250<P(>F) 
E j  & E g  V S  Other 
E f  vs E g  
trmts 1 0 . 0 5  0 . 0 5  0.26 .250<P(>P) 
1 0.10 0.10 0.53 .250<P(>F) 
D n  y s  Dd 
Species 
1 0.35 0.35 1.84 .250<P(>P) 
2  7 . 2 9  3.64 1 9 . 1 6  P(>F)< .005 













Comp 2 X Sp 2 0.33 0.17 0 . 8 5  .250<P(>F) 
Comp 4 X Sp 2  0.04 0.02 0.10 .250<P(>F) 
Comp 6 X Sp 2  0 . 5 2  0 . 2 6  1.37 .250<P(>P) 
Comp 8 X Sp 2  0 . 0 7  0.04 0.21 .250<P(>P) 
Comp 9 X Sp 2 0 . 0 7  0.04 0.21 .250<P(>F) 
Error 6 1.14 0.19 
Sub Samples 120 2.96 0.02 
Total 149 15.77 
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APPENDIX F 
The following eight analysis of variance tables are con­
cerned with the number and percentage of each component of 
liquid C_. ulmi exposed to the water soluble portion of hot 
ethanol extracts of U. americana, NL 390, and NL 496 tissues 
actively growing on basic tissue medium and then exposed 
to 25%, 12.5% or 6.3% (v/v) basic fungus medium or culture 




Dilut X Type 
Species 
the effect of the three concentrations of 
basic fungus medium or culture filtrate; 
the effect of the types of material, basic 
fungus medium or culture filtrate, added to 
the media; 
the dilution by type interaction; 
the effect of the different elm tissues used 
in this study. 
Table 95* Analysis of variance of the logarithm of the numbers of spores of four-
day-old C. ulmi cultures that were grown on basic fungus medium for 48 
hours anSr then exposed for 48 hours to 30% (v/v) water soluble portion 
of the hot ethanol extracts of U. americana, NL 390, and NL 496 tissue 
cultures grown on basic tissue medium plus the addition of 2 5 % ,  1 2 . 5 % ,  
and 6,3% (v/v) basic fungus medium or culture filtrate collected from 
four-day-old C, ulmi cultures 
Source d.f. S.S. M.S. P Prob. P 
Treatments 7 24.52 3.50 11.67 .010<P(>P)<.025 
Dilution 2 4.20 2.10 7.00 .025<P(>F)<.050 
Type 1 0.05 0.05 0.17 .250<P(>P) 
Dilut X Type 2 1.11 0.55 1.83 .250<P(>P) 
Cl 1 13.40 13.40 44.67 P(>P)<.005 
Cg 1 5.76 5.76 19.20 .010<P(>F)<.025 
Species 2 6, 6o 3.30 11.00 .010<P(>F)<.025 
Trmt X Spec 14 6. 6l 0.47 1.57 .250<P(>P) 
Dilut X Spec 4 2.95 0.74 2.47 .100<P(>F)<.250 
Type X Spec 2 0.60 0.30 1.00 .250<P(>F) 
Dilut X Type x Spec 4 1.86 0.47 1.57 .250<P(>P) 
Error 4 1.20 0.30 
Sub Samples 96 6.62 0.07 
Total 119 44.35 
Table 96. Analysis of variance of the logarithm of the number of budding spores of 
four-day-old C. ulml cultures that were grown on basic fungus medium for 
48 hours and then exposed for 48 hours to 50^ (v/v) water soluble portion 
of the hot ethanol extracts of U. amerlcana, NL 390 , and'NL 496 tissue 
cultures grown on basic tissue medium plus the addition of 25%, 12.5%, 
and 6,3% (v/v) basic fungus medium or culture filtrate collected from 
four-day-old C. ulml cultures 
Source d.f. S.S. M.S. P Prob. F 
Treatments 7 82.83 11.83 2.99 .100<P(>P)<.250 
Dilution 2 4.89 2.44 0.62 .250<P(>P) 
Type 1 0.03 0.03 0.01 .250<P(>P) 
Dllut X Type 2 0.56 0.28 0.07 .250<P(>P) 
1 46.44 46.44 11.13 .025<P(>P)<.050 
Gg 1 30.91 30.91 7.80 .025<P(>P)<.050 
Species 2 129.59 64.79 1 6 . 3 6  .010<P(>F)<.025 
Trmt X Spec 14 22.78 1.63 0.41 .250<P(>P) 
Dllut X Spec 4 1.76 0.44 0.11 .250<P(>F) 
Type X Spec 2 4.42 
t—
1 CM C\J 
0 . 5 6  .250<P(>F) 
Dllut X Type x Spec 4 0.75 0.19 0 . 0 5  .250<P(>P) 
Error 4 15.85 3.96 
Sub Samples 96 39.06 0.41 
Total 119 274.26 
Table 97 • Analysis of variance of the logarithm of the number of germinating spores 
of four-day-old C, ulml cultures that were grown on basic fungus medium 
for 48 hours and then exposed for 48 hours to 50% (v/v) water soluble 
portion of the hot ethanol extracts of u. amerlcana. NL 390, and NL 496 ^ 
tissue cultures grown on basic tissue medium plus the addition of 25%, 
12.5%, and 6.3% (v/v) basic fungus medium or culture filtrate collected 
from four-day-old C, ulml cultures 
Source d.f. 8.8. M.S. P Prob. P 
Treatments 7 8.35 1.19 0.97 .250<P(>F) 
Dilution 2 0.11 0.06 0.05 .250<P(>P) 
Type 1 0.00 0.00 0.00 .250<P(>P) 
Dilut X Type 2 2.00 1.00 0.81 .250<P(>P) 
1 4.09 4.09 3.33 .100<P(>P)< .250 
1 2.14 2.14 1.74 .250<P(>P) 
Species 2 18.41 9.20 7.48 .025<P(>P)< .050 
Trmt X Spec 14 8.48 0.61 0.50 .250<P(>P) 
Dilut X Spec 4 0.56 0.14 0.11 .250<P(>P) 
Type X Spec 2 0.80 0.40 0.33 .250<P(>F) 
Dilut X Type x Spec 4 2.22 0.55 0.45 .250<P(>P) 
Error 4 4.90 1.23 
Sub Samples 96 2.58 0,03 
Total 119 37.82 
Table 98. Analysis of variance of the logarithm of the number of hyphae of four-
day-old C. ulml cultures that were grown on basic fungus medium for 1|8 
hours and then exposed for 48 hours to 50% (v/v) water soluble portion 
of the hot ethanol extracts of U. amerlcana, NL 390, and NL 496 tissue 
cultures grown on basic tissue meulum plus the addition of 25%, 12.5%, 
and 6.3% (v/v) basic fungus medium or culture filtrate collected from 
four-day-old C. ulml cultures 
Source d.f. 8.8. M.S. F Prob. F 
Treatments 7 0.80 0.12 1.46 .250<P(>F) 
Dilution 2 0.14 0.07 0.86 .250<P(>F) 
Type 1 0.09 0.09 1.11 .250<P(>F) 
Dllut X Type 2 0.10 0.05 0.61 .250<P(>F) 
1 0.38 0.38 4.80 .050<P(>F)< .100 
«2 1 0.10 0.10 1.30 .250<P(>F) 
Species 2 5.23 2.61 33.06 P(>P)< .005 
Trmt X Spec 14 1.28 0.09 1.15 .250<P(>F) 
Dllut X Spec 4 0.29 0.07 0.92 .250<P(>F) 
Type X Spec 2 0.46 0.23 2.90 .100<P(>F)< .250 
Dllut X Type x Spec 4 0.21 0.05 0.66 .250<P(>F) 
Error 4 0.32 0.08 
Sub Samples 96 2.99 0.03 
Total 119 10.30 
Table 99. Analysis of variance of the percentage of spores in C., ulml of four-day-
old C. ulml cultures that were grown on basic fungus medium for 48 hours 
and then exposed for 48 hours to 50% (v/v) water soluble portion of the 
hot ethanol extracts of U. amerlcana> NL 390, and NL 496 tissue cultures 
grown on basic tissue medium plus the addition of 25%, 12.5%, and 6.3% 
(v/v) basic fungus medium or culture filtrate collected from four-day-
old C. ulmi cultures 
Source d.f. S.S. X 10"^ M.S. X 10"^ P Prob, P 
Treatments 7 1423. 205. 2.89 .100<P(>P)<.250 
Dilution 2 101. 50. 0.71 .250<P(>P) 
Type 1 0.1 0.1 0.00 .250<P(>P) 
Dilut X Type 2 45. 23. 0.32 .250<P(>P) 
1 542. 542. 7.63 .050<P(>P)<.100 
1 735. 735. 10.35 .025<P(>P)<.050 
Species 2 2322. 1161. 16.35 .005<P(>P)<.025 
Trmt X Spec 14 563. 40. 0.56 .250<P(>F) 
Dilut X Spec 4 167. 42. 0.59 .250<P(>P) 
Type X Spec 2 58. 29. 0.41 .250<P(>P) 
Dilut X Type x Spec 4 54. 13. 0.18 .250<P(>P) 
Error 4 284. 71. 
Sub Samples 96 1578. 
Total 119 5886. 
Table 100. Analysis of variance of the percentage of budding spores of four-day-
old C. ulmi cultures that were grown on basic fungus medium for 48 hours 
and then exposed for 48 hours to 50% (v/v) water soluble portion of the 
hot ethanol extracts of U. americana, NL 390, and NL 496 tissue cultures 
grown on basic tissue medium plus the addition of 25%, 12.5%, and 6.3% 
(v/v) basic fungus medium or culture filtrate collected from four-day-
old C. ulmi cultures 
Source d.f. S.S. X 10"^ M.S. X 10"^ p Prob. F 
Treatments 7 1825. 261. 3.68 .100<P(>P)<.250 
Dilution 2 13,9. 70. 0.99 .250<P(>F) 
Type 1 .4. 4. 0.06 .250<P(>P) 





782. 11.01 .025<P(>P)<.050 
02 1 874. 874. 12.31 .010<P(>F)<.025 
Species 2 2798. 1399. 19.70 .005<P(>F)<.010 
Trmt X Spec 14 472. 34. 0.48 .250<P(>P) 
Dilut X Spec 4 104. 26. 0.37 .250<P(>F) 






Dilut X Type x Spec 4 19. 5. 0.07 .250<P(>F) 
Error 4 283. 71. • 
Sub Samples 96 1475. 
Total 119 6570. 
Table 101. Analysis of variance of the percentage of germinating spores of four-
day-old C^. ulmi cultures that were grown on basic fungus medium for 48 
hours and then exposed for 48 hours to 50% (v/v) water soluble portion 
of the hot ethanol extracts of U. americana, NL 390, and NL 496 tissue 
cultures grown on basic tissue medium plus the addition of 25%, 12.5%, 
and 6,3% (v/v) basic fungus medium or culture filtrate collected from 
four-day-old C. ulmi cultures 
Source d.f. S.S. X 10"6 M.S. X 10"G F Prob. F 
Treatments 7 369. 53. 0.36 .250<P(>P) 
Dilution 2 50. 25. 0.17 .250<P(>P) 
Type 1 65. 65. 0.44 .250<P(>P) 
Dilut X Type 2 210. 105. 0.71 .250<P(>P) 
«1 1 38. 38. 0.26 .250<P(>P) 
1 6. 6. 0.04 .250<P(>P) 
Species 2 2118. 1059. 7.16 .025<P(>P)<.050 
Trmt X Spec 14 1984. 142. 0.96 .250<P(>P) 
Dilut X Spec 4 570. 142. 0.96 .250<P(>F) 
Type X Spec 2 153. 76. 0.51 .250<P(>F) 
Dilut X Type x Spec 4 669. 167. 1.13 .250<P(>P) 
Error 4 592. 148. 
Sub Samples 96 928. 
Total 119 5399. 
Table 102. Analysis of variance of the percentage of hyphae of four-day-old C. ulml 
cultures that were grown on basic fungus medium for 48 hours and then 
exposed for 48 hours to 50% (v/v) water soluble portion of the hot 
ethanol extracts of U. amerlcana, NL 390, arid NL 496 tissue cultures, 
grown on basic tissue medium plus the addition of 25%, 12.5%, and 6.3% 
(v/v) basic fungus medium or culture filtrate collected from four-day-
old C. ulml cultures 
Source d.f. 8.8. X 10"5 M.S. X 10"5 F Prob. F 
Treatments 7 347. 50. 1.61 .250<P(>F) 
Dilution 2 114. 56. 1.81 .250<P(>F) 
Type 1 8. 8. 0.26 .250<P(>F) 
Dllut x Type 2 11. 5. 0.16 .250<P(>F) 
1 165. 165. 5.32 .050<P(>F)<.100 
1 49. 49. 1.58 .250<P(>F) 
Species 2 935. 468. 15.10 .010<P(>F)<.025 
Trmt X Spec 14 209. 15. 0.48 .250<P(>F) 
Dilut X Spec 4 66. 17. 0.55 .250<P(>P) 
Type X Spec 2 10. 5. 0.16 .250<P(>P) 
Dilut X Type x Spec 4 8. 2. 0.07 .250<P(>F) 
Error 4 124. 31. 
Sub Samples 96 603. 
Total 119 2094. 
